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Chapter 1 SUMMARY

Thisigeologyuandisoilsitechnicalimemorandumudescribesitheugeologici
conditionsipresentialonguthelalignmentiofitheuproposediAlaskaniWayuViaducty
anduSeawalliReplacementuProject.ulniaddition,itheigeotechnicalidesigniandu
constructionuissuesiandurelatediimpactsiandumitigationuareudiscussed.wTheu
projectialternativesiandioptionsiareidescribeduinudetailiiniAppendixuB,u
AlternativesiDescriptioniandiConstructioniMethodsiTechnicaliMemorandum.uu

Forudiscussionupurposes,itheuprojectihasibeenibrokenuintoutheifollowingu
sections:u

TheusouthuareawofitheuprojectiextendsifromuS.iSpokaneuStreetitouS.uIKingu
Street.uu

f  TheucentraliareawofitheuprojectiextendsifromuS.uKinguStreetiuputoutheu
BatteryuStreetiTunnelu(BST).uu

ThewnorthuareauofitheuprojectiextendsifromitheiBSTutolapproximatelyu
WardiStreetinearutheisouthienduofiLaketUnion.u

1.1 Methodology and Scope of Studies

Informationuaboutitheugeologicisubsurfaceiconditionsialongutheuprojectu
corridoriwaslevaluatedibyureviewinguexistingiavailableisubsurfaceu
informationuandibyuperformingusubsurfacelexplorations.uThelinformationu
collectedifromutheseustudiesivwasiuseditoudevelopuaidescriptionuofithelaffectedu
environment,uincludingugeology ulocationioficriticaligeologiciareas,iandu
generalitopographicusetting.uw

Conceptualidesignuofivariousiprojectifeaturesiwasiperformedianduisipresentedu
inutheuGeotechnicaliandiEnvironmentaliMemorandai(Shannonu&uiWilsonu2002b).uw
Baseduonuthelinformationuobtainedifromutheustudies,itheuprojectialternativesu
anduoptionsiwerelevaluatediwithirespectitoitheirigeologiciimpacts.uwOperationu
impactsiwerelidentified,uincludingiseismicihazards,iexcavation,ustability,iandu
settlementsidueltouwvariousiprojectifeatures.uwConstructioniimpactsiwereualsou
identified lincludingierosioniandisedimentitransport,istability igroundwateru
impacts,isettlement,ivibration yjandistaginguareas.uMitigationumeasuresiwerel
developeduiforieachuofithelimpactsiidentified.u

1.2 Affected Environment

Inugeneral,itheuprojectiareavistiniathighlyudevelopedicorridorithatiincludesi
structures,iutilities,iroadwayianduirailroadicrossings,iandinumerousiotheru
surfacelimprovements.uTheusubsurfaceigeologyiencounteredialongutheuprojecty
alignmentiincludesiglacialidepositsioverlainibyurecentinativeiandufillidepositsi
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towvariousidepths.wlnugeneral itheideepestirecentidepositsiarelencounteredy
southuofuYesleriwWay.uinutheisouthuarea,itheidepthutouglacialidepositsivariest
fromuaboutiSOufeetitoigreaterithani250ufeet.uTheunativelsoilsioverlyingutheu
glacialidepositsiconsistiofilooseutoidenseusand,isiltyisand,isandyusilt,uandusoftu
toustifficlayeyusiltiandusiltyuclay.wFillideposits,iwhichuareihighlyuvariablesiny
density ithickness,ljanditype,iareipresentioveritheinativeusoils.ui

Initheucentraliarea,idenseiglacialidepositsiareigenerallyulocateduwithinu50ufeety
ofitheugroundusurface.wAlongithewwaterfront,iglacialidepositsiareiwithinu70u
feetiofitheugroundusurface.uTheloverlyingimaterialsiconsistiofufillioverlyingu
nativeldepositsiofisand,usilt,uanduclay.uTheufillimayuicontainudebris,uincludingu
olditimberupiles,ibulkheads,landiotheriabandonedustructures.uu

Initheuinorthuarea,udenseuglacialidepositsiareitypicallyulocatediwithinulOufeetiofu
theigroundisurfacelanduareioverlainibyumostlyifillideposits,iwhichuarethighlyu
variablelininature.umlnisomeilocalizediareas,ifillidepositsimayubeimoreithanul0u
feetuthick.u

1.3 Geologic and Soil Concerns

Liquefactionuresultingufromuaiseismicieventiisitheigeologicihazarduwithutheu
greatestupotentialitolimpactitheuiproposedialternatives.uThisiphenomenoni
occursiduringugroundishakinguanduresultsuiniaureductioniofitheishearistrengthu
ofitheusoili(auquicksandilikeicondition).uLiguefactionuisiaumajoriconcerntiny
bothitheisouthuarealofitheuprojectiandialonguthemwaterfrontiinitheicentraliarea.w
Nouliquefactionuisianticipateduinitheinorthuarea.uwLiquefactionicanuresultuin
lateralispreadingu(groundimovementionigentleislopes), ulandslidinguonusteepu
slopes,landuloweruverticaliandulateralicapacityuforustructureifoundations.u
Buildings,ibridges,ilandiotherustructuresifoundedionioriinitheuliquefieduisoilsi
mayusettle utiltumoveulaterally uoricollapse.uTheupotentialiforiandiimpactsuofu
liguefactionidependuionitheiconsistencylandudensityuofitheusoil utheigrainisizeu
distributionuofitheusoil yianditheumagnitudelandidurationuofitheuseismicievent.u
Liquefactionuiwillibeimitigatedibeneathiapproachufillsiandiaroundifoundationu
elementsibyuusingigroundiimprovementitechniques.u

1.4 Impact Summary

Mostiofitheuoperationiimpactsiidentifieduforithelalternativesirelatestoupotentialu
groundimovementifromuliquefaction,lincludingusettlement,ulateralispreading,u
anduotherurelatediphenomena.uBuildings,ipavements,uutilities,sanduotheru
structuresicouldibelaffectedibyutheupresencelofinewufills,uiwalls,itunnels,iandu
otheninewifeatures.uwPerforminguaithoroughiandiadequateidesignuforutheu
selectedialternativeiwillimitigateimostiofitheselimpacts.uwMeasuresi
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implementediduringutheudesignuprocessiwilluidentifyusiteispecificumitigationu
measuresithatuiwilliaddressuipotentialimpactsitoladjacentufacilities.u

Mostiofitheuconstructioniimpactsiidentifiediforithelalternativesialsourelateutou
potentialigroundimovement.uwlmpropericonstructionitechniquesicoulduleadutou
excessivelsettlement,uheave,ivibration,lorimovementiofiadjacentibuildings,u
pavements,iutilities,loriotheristructures.uMitigationuimeasuresiidentifieduinu
finaludesigniwillibeiimplementedibyiexperiencedicontractorsiwhouwilli
constructitheuprojectiiniaccordanceiwithutheuplansiandispecificationsuiusingu
BestiManagementiPracticesi(BMPs)uspecifiedibyitheiwWashingtonuStateu
DepartmentiofiTransportationi(WSDOT )iand/oritheiCityuofiSeattle.u

Secondaryuandicumulativelimpactsirelateditougeologyuandusoilsiaresminimal.u
RebuildinguofitheilSeawalliwillihavelaupositiveisecondarylimpactiinithatu
damageitoustructuresianduutilitiesiduentouliquefactionianducollapseuofitheu
currentiSeawalliwillibeimitigated.u

Erosioniandisedimentitransporticouldihavelaicumulativeleffectiifineighboringu
projectsiareuconstructediatitheisameitimeuasitheiAlaskaniWayuViaductiproject.u
Cumulativeleffectsiofierosion,isedimentitransport,ispoilsihauling,ietc. icouldu
worsenutheiconstructioniandioperationiimpactsiidentified.uw

Nouimpactsiwerelidentifieduinianyuofithelalternativesithaticouldinotubel
mitigatedibyicompensation,iproperidesign,iand/oriconstructionimethods.uTheu
NouwBuilduAlternativeiwillihaveutheuleastiimpactsitousoiliandigeology ,ialthoughu
liguefactionuofitheusoilsialonguthemwaterfrontiwillinotubeumitigatediandutheu
potentialiforicollapselofitheiSeawalliandiexistinguviaducti(particularlyu
waterfrontiandisouthusections)iduringianiearthquakeuwillustilliexist.uwOfuitheu
otherialternatives,itheiSurfacelAlternativeihasitheuleastisignificantiimpactuwithu
regardsitoigeologyuandisoils.wTheuTunneliAlternativeihasitheumostisignificantu
impact,uprimarilyiduertoitheilamountiofiexcavationiandidewateringuthatiwvillu
beurequired.u
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Chapter 2 METHODOLOGY

Theuobjectiofithisimemorandumuisitoidescribeitheigeologiciconditionsialongu
theuprojecticorridorianduidentifyiimpactsithatitheuproposediconstructionucouldu
havelonutheugeologiciandusoilienvironment.uw

Theugeologicisubsurfaceiconditionsialongutheuprojecticorridoriwerelevaluatedu
byureviewinguexistinguiavailableisubsurfacelinformationiandibyuperformingu
subsurfacelexplorations.uThelinformationucollectedifromitheseustudiesivwasi
useditoudevelopuaidescriptioniofitheiaffectedienvironment,uincludingugeology,i
locationuoficriticaligeologiciareas,iandigeneralitopographicisetting.u

Baseduonutheuproposedialternativesiandioptions,igeologiclimpactsirelatedutou
foundations,igroundiimprovement,iexcavations,itunneling,icutsiandufills,u
retaininguwalls,iconstruction,ianduutilitiesiwerelassessed.uMitigationimeasuresi
foruitheselimpactsiwerelalsouidentified.u

Theufollowingiordinancesiandiguidelinesiprovidediinformationuthativwasi
considerediinudevelopingigeologyuandusoilsirelatediimpacts:u

f NationallEnvironmentaliPolicysActu(NEPA)421USCuSectionud231.u
Implementinguregulationsiarei231CFRi1500115081(CEQ).u

f StateilEnvironmentaliPolicyuActi(SEPA).mulmplementinguregulationsiareu
WashingtoniAdministrativeiCodei(WAC)I19711 LiandiWACu468112.u

 AmericanuAssociationiofiHighwayuandiTransportationiOfficialsi

(AASHTO)DesignuSpecificationsi

KinguCountyuCriticaliAreasiOrdinance.u

WSDOT ,iBridgeiDesigniManual.u

WSDOT iEnvironmentaliProceduresiManualiM31111,1Julyi2001.u

CityuofiSeattle,uRegulationsiforiEnvironmentaliCriticaliAreasi(ECA),u

Chapteru25u

= —a _—a _a
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Chapter 3 STUDIES AND COORDINATION

Geologicidataiwasiobtainedialongutheuprojecticorridoribyucollectinguexistingu
subsurfaceidatavandudrillinguiadditionalisoiliborings.uTheugeologicievaluationu
alongutheucorridoriwasiperformedibasedionitheseidata.u

3.1 Existing Subsurface Data

Projectifilesianduarchivesifromiseveralisourcesiwereirevieweduitolobtaini
existingugeotechnicalisubsurfacelinformationialongitheuprojecticorridor.uwTheseu
effortsiwereiconcentratedionusourcesiwhereulargelamountsiofiinformationu
werelalreadyustorediandueasilylaccessed.uwbData,uprimarilyiconsistinguofiboringu
logs,iwereicollectedifromutherfollowingusources:u

=

Shannoni&iWilson,ulnc.uprojectifilesu
Universityiofiw/ashingtonuSeattletAreaiGeologiciMappinguProjectu
SeattleiDepartmentiofiPlanningiandiDevelopmentu(DPD)u
WSDOTu

WashingtonuStateuFerriesi

PortiofiSeattleu
WashingtonuDepartmentiofiEcologyu(Ecology)u
SeattleiDepartmentiofuiPubliciUtilitiesu(SPU)u
SeattleiTransportationiDepartmentu(SDOT)u
SeattlelParksiDepartment

KinguCountyuMetrou

= —a —Aa —a _—_a _—_a _—a _—a -2

=

Duringuthewvisitsitoleachusourceulistediabove,itheustoredifilesiwereireviewedu
anduselectediboringulogsicopied.wAtisomelofitheseulocations,itheidatau
reviewediwerelofipooriqualityiandithereforeiwereinotiusediinitheigeologicalu
studies.wOnlyudataithaticontainedusufficientiinformationutoulocateutheuboringsi
anditolevaluateutheusubsurfaceigeologyiwereiselected.uThelexistingusubsurfaceu
dataucollectediareupresenteduinitheiGeotechnicaliandiEnvironmentaliDataiReportu
(Shannonu&iWilsoni2002a).

3.2 Geologic Literature Review

Inladditionutouobtainingusiterspecificisubsurfaceidataifromuvariousisources,u
publishedugeologiculiteratureiwasirevieweduforitheuprojectiarea.uwTheseldatau
includeditheufollowing:u

KinguCountyiSensitiveiAreasiMapiFoliou(KingiCountyu1990)u
I CoastalizonelAtlasiofiwashingtonu(Ecologyul977)u
 EnvironmentallyuCriticaluAreasiMapuFoliosi(CityuofiSeattleu2002)u
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KinguCountyuSoiliSurveyu(Snyderietial .11973)u
UniteduStatesiGeologicaliServiceu(USGS)uGeologyiMapsi
DepartmentiofiNaturaliResourcesi(DNR)iMapsu
MicrozonationuiMapsiforitheiSeattle,iMWWashington,uMetropolitaniAreau
(Wonguetual .11999)u

= —a —a -—_a

Augeologicifieldireconnaissanceuofitheuprojectiareavwasialsouperformedutou
identifyumajorugeologicisurfaceifeatures.uwHowever,isinceimostiofitheuprojectu
areatistheavilyudeveloped itheuresultsiofitheufieldireconnaissanceiwereulimited.u

3.3 Field Explorations

Aufieldiexplorationiprogramuwasiperformedialongitheuprojecticorridorutou
supplementithelexistingisubsurfacelinformationianditouobtainumoreuspecifici
datavinuitheulocationsiofitheuproposedistructures.ulnigeneral,itheiexplorationsy
werellocateduiniareasiwhereustructuresiareiproposediand/oriwhereigeologici
conditionsiwereinotiwellidocumented.uTheuresultsiofitheufieldiexplorationsy
areupresentediinutheuGeotechnicaliandiEnvironmentaliDatauReporti(Shannonu&y
Wilsonu2002a).uu

3.4 Evaluation of Project Impacts and Mitigation

Conceptualidesignuofivariousiprojectifeaturesiwasiperformedianduisuipresentedu
inuitheuGeotechnicaliandiEnvironmentaliMemorandai(Shannoni&iWilsonu2002b).u
Theseustudiesiwereluseditoudeveloputheuprojectialternativesiandioptionsithatu
havelbeenuidentified.u

Baseduonuthelinformationuobtainedifromutheurstudiesidiscusseduinutheupreviousy
sections,itheuprojectialternativesiandioptionsiwerelevaluatediwithirespectitou
theirugeologiciimpacts.uPreliminaryievaluationsivwereimadeurelateditou
settlement,istability ulateraliearthupressure,ifoundationicapacity,iearthquakes,\
anduotherigeologicuissues.uThelevaluationsiwereimadeubasedioniexperiencel
withusimilaruprojectsianduisimilarusoiliconditions,landiconceptualiengineeringu
analyses.uOperationiimpactsiwerelidentified,iincludinguseismicihazards,
groundwateriflow,lerosioniandisedimentitransport,iandisettlementsidueutou
variouslprojectifeatures.mConstructioniimpactsiwerelidentified,uincludingu
erosioniandisedimentitransport,iexcavationianduifilluistability ugroundwateru
impacts,isettlement,ivibration,landistaginguareas.uSecondaryiandicumulativeu
impactsiwerelalsolidentified.u

Mitigationumeasuresiwereldevelopediforieachuofithelimpactsiidentified.wTheu
potentialimitigationumeasuresiwerelselectedibasedioniexperienceiwithusimilary
projectsianditheuresultsioficonceptualiengineeringuanalyses.u
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Chapter 4 AFFECTED ENVIRONMENT

TheuprojecticorridoriextendsifromuaboutiS.iSpokaneuStreet,unorthialongutheu
Seattleiwaterfront,itolapproximatelyiWarduiStreet.wTheucorridorupassesy
throughuhighlyudevelopedicommercialiandiindustrialiareasiofiSeattle.uwTheseu
areastofitheucityuwereufirstidevelopeduinutheu1870sithroughuthesearlyu1900siandu
havelailonguanduivariedulandiusethistory.uw

Theugeologicisurfacelandisubsurfaceiconditionsialongitheuprojecticorridor
(affectedienvironment)uiwerelevaluatedibyureviewinguexistinguavailableu
subsurfacelinformationiandibyuperforminguaigeologicifieldireconnaissanceu
andusubsurfacelexplorations.uThistiinformationiwasiuseditoidevelopuau
descriptionuofithelexistingugeologiciconditionsu(topography,isoils,i

groundwater landihazards)ithatumayuaffectiorubelaffectedibyuthetAlaskaniWayu
ViaductiandiSeawalliReplacementuProject.u

4.1 Topographic and Geologic Setting

TheuprojectuicorridoruisilocateduinitheucentraluportioniofitheilPugetiSoundiBasin,u
anlelongated unorthisouthudepressionusituatedubetweenitheiOlympicu
MountainsianditheiCascadeiRange.uRepeatediglaciationu(glacialievents)uofu
thisuregion,lasirecentlyiasiaboutu13,500uyearsiago,istronglylinfluencedutheu
presentidayitopography,igeology,iandigroundwatericonditionsuinutheuprojectu
area.uTheitopographyiisidominatedibyuauseriesiofinorthisouthuridgesiandu
troughsiformeduibyuglacialierosioniandisedimentideposition.wPugetiSound,u
LakeiWashington,ianduotherulargeiwateribodiesinowioccupyitheimajoru
troughs.uw

GeologistsigenerallylagreeithatitheiPugetiSounduareaiwasisubjectedutousixioru
moreuimajoriglacialievents,ioriglaciations,uduringutheulastitwoumillionuyears.u
Theuglacialuiceiforuitheseuglaciationsioriginateduinitheicoastalimountainsuofu
CanadaiandugenerallyufloweduisouthwardiintoitheiPugetiSounduregion.wTheu
maximumusouthwardiadvanceuofitheliceiwasiaboutihalfwayibetweeniOlympiau
anduCentraliau(abouti50umilesisouthuofiSeattle).wDuringitheumostirecenty
glaciation,itheuicelisiestimateditolhaveibeeniabouti3,000ufeetithickuinutheuprojectu
corridor.uu

TheusedimentudistributionuinitheiPugetiSounduareaisicomplexuiasiauresultiofu
theurepeateduglaciations.uEachuglaciationidepositedinewisedimentsiandu
partiallyierodedupreviousisediments.wDuringuthelinterveninguperiodsiwhenu
glacialiiceiwasinotipresent,inormalistreamuprocesses,iwavelaction,jandy
landslidingierodedianduireworkedisometofitheuglaciallyuderivedisediments,u
furthericomplicatingutheugeologicisettinguasivwelseeuititoday.wlnitheuprojectu
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area,itheiunconsolidatediglacialilanduinterglaciali(soilsidepositeduiinibetweeni
glacialievents)usoilsiarelexceptionallyuthick.wBoringsiandigeophysicalisurveysu
indicateithatiapproximatelyul,300utou3,500ufeetiofisedimentioverliertheibedrocku
inuthisiareau(Yountietial .u1985).u

BedrockuisionlyiexposediatitheusurfaceuinuaifewulocationsuinutheuSeattlelarea:uatu
AlkilPointuiniWestiSeattle;linitheitDuwamishuValleyuneariBoeinguField;uinitheu
southernuportionuofiRainieriValley;iandiatiSewarduParkuinisoutheasternu
Seattle.wTheseubedrockiexposuresiallioccurisouthuofianieastiwestilineu
extendingufromitheisouthienduofiLakeiSammamishionitheleastitoiBremertonu
onuthemwest.uThisulineidefinesitheinorthernmostipartiofitheuSeattleiFaultiZone,u
asishownuoniExhibiti41l,uwhichiconsistsiofiseveralisubiparallelifaultsithaty
convergelatidepthitolaisingleimasterifault.wNorthiofitheiSeattlelFault,itheu
bedrockuisideeplyuburiedubyuglacialianduinoniglacialisediments.uw

4.2 Tectonics and Seismicity

Theuprojectiareauisilocateduiniauregioniwhereinumerousismallitoimoderateu
earthquakesiandioccasionalistrongushocksuhaveloccurreduinirecordeduhistory.u
Muchuofithisiseismicityuisitheuresultiofiongoingurelativeiumovementiandu
collisionubetweenutheutectonicuplatesithatiunderliesNorthuAmericaianditheu
PacificuOcean.uTheseutectoniciplatesiincludeithewuanudesFucaiPlateiandutheu
NorthuAmericaniPlate uanduthelintersectionuofitheseitwouplatesuisicalledutheu
CascadiaiSubductioniZone.uwAsitheseitwouplatesicollide,ithewJuanideiFucauPlateu
isibeingudriveninortheast,ibeneathitheiNorthiAmericaniPlate.uThevactionuofu
oneuplateibeingudrivenibelovwianotheruisicalledisubduction.uTheurelativeu
movementsiofitheseuplatesiareischematicallyishownuoniExhibitu412.uw

Theurelativeuplateumovementsinotionlyuresultiinieastiwesticompression,ibutu
alsauresultuiinushearing,uiclockwiseurotation landinorthisouthicompressioniofitheu
crustaliblocksithatiformutheuleadingiedgelofithesNorthuAmericanuPlateu(\Wellsu
etual 11998).wltiisiestimatedithatitheicompressionurateuforitheseublockstisiaboutu
0.03utou0.0duinchuperuyear landimuchuofitheicompressionimayubeloccurringu
withinutheimoreufractured,inortherniWashingtonublockithatiunderliesitheu
PugetiLowland.uu

Withinitheupresentuiunderstandinguofitheuregionalitectoniciframeworkiandu
historicaliseismicity,ithreeibroadiearthquakeusourceizonesiaresidentified.u
Theselincludelaishallowicrustalisourceizone,iaideepusourceizoneiwithinutheu
portionuofithewuanudelFucaiPlateisubductedibeneathutheiNorthuAmericany
Plateu(deepusubcrustalizone),sjandianuinterplateizoneiwhereuthewuanudeiFucau
andiNorthuAmericanuPlatesiaretinicontactiinitheiCascadiaiSubductioniZone.u
Twolofitheselzones,itheishallowucrustalizoneianditheideepusubcrustalizone,
haveuproduceditheuregion’sihistoricaliseismiclactivity.uw
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4.2.1 Shallow Crustal Zone

Theumajorityuofihistoricaliearthquakesihaveloccurrediwithinutheushallowu
crustalizoneuaturelativelyushallowudepthsiofiaboutil2umilesioruless.u\Withutheu
exceptionuofitheul872uNorthiCascadesiearthquake,ualluhistoricalishallowucrustaly
earthquakesihaveinotibeenugreaterithanumagnitudeu5.75.uTheuiNorthiCascadesi
earthquakelofiDecemberul15,11872 uisitheulargestihistoricishallowicrustaly
earthquakeutothaveloccurrediiniWWashingtonuanduisiestimateditothaveibeeni
aroundumagnitudeut7i(MalonelandiBori1979;iBakunuetial.i2002).wTheufaultiony
whichuthisiearthquakeuoccurredihasinotibeenifound.u

AlongucrustalifaultsiidentifiedubyugeologistsiiniwesterniWashington,ishallowwu
crustaliearthquakesihaveunotitypicallyioccurreduinuhistoricalitimesu(aboutitheu
pastil70uyears).uUntilitheulater1980s, litthadugenerallyibeeniaccepteduthatu
shallowicrustalieventsiwithinilPugetiSoundiwouldibeurelativelyismalliandu
limiteditolautmaximumumagnitudelofiaboutu6.0.uwHowever,igeologiclevidencel
developediduringuthei1990suindicatesithatitheupreviouslyuidentifiedu
geophysicalulineamentsiiniwesterniWashingtonuareucapablelofiproducingu
earthquakesiwithumagnitudesiuputou7.5.uTheuclosestiofitheseigeophysicalu
lineamentsitoutheusitelisitheuSeattleiFaulti(oriSeattleuiFaultiZone),iwhichuisu
locateduatitheusouthuenduofitheuproject.wTheutwoumostinorthernuisplaysu(surfaceu
faultsithaticonnectitolaisingleimasterifaultiatidepth)uofitheiSeattlelFaultiZonelu
areishownuoniExhibitidil.wWhileuinoulargeuhistoriciearthquakesihaveioccurredu
inuthisifaultizone,igeologicistudiesihaveishownuitiisianiactiverfault,iwithitheu
mostirecentulargeleventi(estimatediatumagnitudeu7)ioccurringiapproximatelyu
1,100uyearsiagou(e.g.,lAtwateriandiMoorei1992;1Bucknamietial 11992;1acobyuetu
al.i1992:uKarlinianduiAbellai1992;1Schusterietial 11992 iPrattietial .11997;1Johnsonu
etual .u1999;uBrocherietial .12001).u

4.2.2 Deep Subcrustal Zone in the Juan de Fuca Plate

Theulargestihistoriciearthquakesitouaffectitheusiteiwereulocateduinutheu
subductediwuanudeiFucaiPlateu(deepusubcrustalizone)iatidepthsuiofid2uimilesuory
greater.uTheseleventsiincludeitheimagnitudeu?. LiearthquakeuofiApriluil3,11949,u
theumagnitudeu6.5uSeattlerTacomauearthquakeuwofiAprili29,11965,uanduitheurecenty
magnitudeu6.8iNisquallylearthquakelofiFebruaryu28,12001.uEarthquakesu
generatedifromuthetintraslabuzoneulareulikelyicauseduibyideformationiandu
breakupuofitheisubductingwuanuideiFucaiPlateibeneathitheiNorthuAmericanu
Plate.uw

4.2.3 Interplate Zone

WithinutheiCascadiaiSubductioniZone,ithetinterfaceibetweenuthewuanidesFucau
PlatelanditheiNorthuAmericanuPlateihasibeenuidentifiediasicapablelofi
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producinguveryilargelinterplatelearthquakes.wTheuinterplateisourceuist
identifieduasitheu*subductionuthrustifault”liniExhibiti412.wNoulargetinterplateu
earthquakesuhaveloccurreduinuthisizoneuduringurecordeduhistoricitimesu(aboutu
theupastul 70uyears).uwHowever laniearthquakergenerateditsunamimwvaveithatuhity
Japanuinitheryearu1700uisibelieveditolhaveibeenigeneratedifromiaimagnitudeudu
earthquakeuonitheiCascadiaiSubductioniZone.uwRecentigeologicievidencel
suggestsithatitheicoastaliestuariesihavelexperiencedirapidisubsidencelaty
variousitimesiwithinutheulasti2,000uyearsianduthatithisisubsidenceimayuhavel
beenutheuwresultiofiaulargelearthquakeuthatioccurredionitheiCascadiau
SubductionuZoneuinterfaceu(e.g. ,JAtwateri1987,11992;uGranti1989;iDarienzouandu
Petersonu1990;iClarkelanduCarver,11992;1AtwateriandiHemphilliHaleyu1997).u
OtherievidenceuofilargelearthquakesialongitheiCascadiaiSubductioniZonel
includesitheufollowing:u

f  Theupresencelofisubmarineulandslideidepositsiinideepiseaichannelsioffu
theucoastiofiwashingtoniandiOregoni(Adamsi1996).u

1 TheupresencelofiburiedisoilsiatiHumboltiBayu(ClarkeianduCarveruil992)u
anduinunortherniOregonu(DarienzolandiPetersonu1995;iPetersoniandu
Darienzou1996).u

InterbeddedipeatiandimuduiatiCoosiBay,iOregoni(Nelsonuetial .11996).u

I BurieduscarpsineariWillapaiBayu(Meyersietial.11996).u

I BuriedusoilsiatitGraysiHarboru(Shennanuetial .11996).uw

Takenutogether,itheseudifferentiobservationsirepresentistrongievidenceuthatu
theuCascadiaiSubductioniZonelhasiproduced,iandiremainsicapableiofi
producing,istrongiearthquakes.uWorkitoudateisuggestsithatiearthquakeu
magnitudesimayurangeufromu8.0utou9.0ilanduimayuoccuriatitimelintervalsirangingu
fromu400utoul,000uyears.u

4.3 Site Geology

TheuprojecticorridoruisisituateduinitheiSeattleiBasin,iwhichuisifillediwithioveru
1,500ufeetiofuglacialiandunoniglacialisedimentsioverlyingubedrock.wAugeologici
mapiofitheisurfaceigeologyu(whichidoesinotiincludeusurficialuigeologiciunitsu
lessithanuaboutiSifeetuthick)uisupresentedioniExhibitsi4i3ithroughud15.wThisi
geologicumapuisiausurficialirepresentationuofisubsurfaceiconditionsianduisifromu
manyudifferentisources.wTheuqualityuofitheseusourcestisthighlyuvariableiandu
therefore,uallicontactsiarelapproximateianduvariationsibetweenuiconditionsi
depictedionitheumapiandithelactualiconditionsimayuexist.uwAisummaryi
descriptionuofitheugeologiciunitsiusedionitheimapuanduinithisidiscussionuisi
presentedionuExhibitu416.uw

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
GeologytanduSoilsiTechnicaluMemorandumu 14w
DraftiElSu



|

]| 14JN
s Margln

- ]

&

|

~—

—

[ S Hanford st |

|

-
—

éé
: |

DATE: 02/05/04 09:40am FILE: K1585025P06T0620—EXHIBIT 4—3 (Geology)

0 800
—
SCALE IN FEET

E ov
[ awo [ Qprf

[ ] HeHa I Qonl

[ Qpgl
- Qpat Exhibit 4-3
I Cpom Surface Geology

South



This Page Intentionally Left Blank



22\ @%%@%?@%@%%
5 ORI
LA

¢
J

L 0]
o
o
L I
i

\H




This Page Intentionally Left Blank



IR END ";

i

4

S —— Y N P —

L e 4 =

HERE
o

EEEEEEEEEEEE

Qpgl
t Exhibit 4-5
Qpgm Surface Geology
North



This Page Intentionally Left Blank



Exhibit 4-6. Geologic Units and Descriptions

Unit Name

Abbrev.

Unit Description (Note 1)

Fillu

HydraulicuFillu

Colluviumu

Landslideu
Depositsu

Alluviumu

PeatuDepositsi

Estuarineu
Depositsu

BeachuDepositsu

Hfu

Hhfu

Hlsu

I
2

I
(1]

HOLOCENE UNITS

Fill ibothiengineerediandinonengineeredi(seeiNoteu?),uplacedibyu
humans.uVariousimaterials,lincludingudebrisi(timbers,isawdust,
coalislag,itimberupiles,urailroadiconstructionudebris,iandiotheru
materials);icobblesiandibouldersicommon;icommonlyidenseioru
stiffiifiengineered ibutiveryilooseitoidenseloriveryusoftitoustiffuifu
nonengineered.u

Filluplacedibyudredgingufromuriverioribayuorisluicediintouplaceu
fromuadjacentuhills.uClayiandiSilt,iveryusoftitoumediumustiffu
(fromuhills);uSiliandifineilSand;uiscatteredishells;veryulooseutou
mediumudenseu(notifromuhills).u

Hillsideislopeliaccumulationsidueitoigravityuemplacement.u
Disturbed,iheterogeneousimixtureiofiseveralisoility pes,u
includinguorganicidebris;ilooselorisoft.u

Depositsiofilandslides,inormallyiatiandiadjacentitoitheutoelofu
slopes.uDisturbed,iheterogeneousimixturelofiseveralisoilitypes;u
looselorisoft,iwithurandomudenselorihardipockets.u

Riverioricreekudeposits,unormallyiassociatediwithuhistoricu
streams,lincludinguoverbankudeposits.uSand,isiltyuSand,igravellyi
Sand;uwveryuloosertoiveryidense.u

Depressionifillingsiofiorganicimaterials.uPeat,upeatyuSilt,jorganicu
Siltveryusoftitoumediumustiff.u

EstuaryidepositsiofitheiancestraliDuwamishiRiver.uSiltyuClayu
andifinelSand;veryisoftitoustiffioruloosertoudense.u

DepositsialongupresentiandiformerishorelinesiofiPugetiSoundu
anditributaryuriverimouths.uSiltyuSand isandyuGravel;iSand;u
scatteredifineigravel yjorganiciandishellidebris;ilooseitoiveryu
dense.

ReworkediGlaciali Hrwu Glaciallyidepositedisoilsithatihaveibeenureworkedibyufluvialioru
Depositsi wavelaction.wHeterogeneousimixturelofiseveralisoilitypes;uliesu
overiglaciallyioverriddenusoils;ilooseitoidense.u
VASHON UNITS
Recessionalu Qvroi Glaciofluvialisedimentidepositediasiglacialiiceiretreated.u
Outwashi CleanutousiltyuSand ugravellyiSand isandyuGravel;icobblesiandu
bouldersicommon;ilooseitoveryudense.u
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Exhibit 4-6. Geologic Units and Descriptions (continued)

Unit Name

Abbrev.

Unit Description (Note 1)

Recessionall
Lacustrineu
Depositsi

Tillu

TillzlikeuDepositsu
(Diamict)u

Advancel
Outwashu

Glaciolacustrineu
Depositsi

FluvialiDepositsu

Lacustrineu
Depositsi

Mudflowu
Depositsi

PeatuDepositsi

Paleosolu

Landslideu
Depositsi

Qvrly

Qv

Qvdu

Qvau

Qvglu

Qpnfu

Qpnly

Qpnmu

Qpnpu

Qpnst

Qplsu

Glaciolacustrineisedimentidepositediasiglacialiiceiretreated.u
FineiSand,iSilt landiClay;idenseuitoiveryudense,isoftitothard.u

Lodgmentutillllaididownualongutheibaselofitheuglacialice.u
GravellyisiltyiSand,usiltyugravellyuiSandi(hardpan);icobblesiandu
bouldersicommon;iveryidense.u

Glacialidepositiintermediatelbetweenutilliandioutwash,u
subglaciallyureworked.uSiltyigravellyiSand,usiltyuiSand,isandyu
Gravel;ihighlyuvariableloverishortidistances;icobblesiandu
bouldersicommon;idenseutouveryidense.u

Glaciofluvialisedimentidepositediasitheuglacialiiceiladvancedu
throughutheiPugetiLowland.uCleanutousiltyuiSand igravellyuSand,u
sandyuGravel;uidenseitouwveryidense.u

FinergraineduglacialiflouridepositediinuproglacialilaketiniPugetu
Lowland.uSiltyuClay iclayeyiSiltiwithuinterbedsiofiSiltiandifineu
Sand;ulocallyulaminated;iscatterediorganicifragmentsinearibase;u
harduioridenseutoiveryudense.u

PRE-VASHON UNITS

NONGLACIAL

Alluvialidepositsiofiriversiandicreeks.uCleanutousiltyuSand,u
gravellyiSand,isandyiGravel ulocallyislightlyuclayeyitouclayeyu
(weathered);uscatterediorganics;iveryudense.u

Finergrainedulakeidepositsiinidepressions,ilargeiandismall.y
FineisandyiSilt,isiltyufineuSand yandiclayeyiSilt;iscattereditou
abundantifinelorganics;idenseutouveryidenseloriveryustiffitoihard.

Distalidepositsiofimassimovementsisuchuasilandslidesiorulahars.u
Stratifieduioruirregularibodiesiofiatheterogeneousimixturelofu

Gravel,iSand,iSiltlandiClay;ipumice iobsidian,landiashicommon;|
rarelorganicsi(charcoal);iveryustiffitothardioriveryidense.u

Depressionifillingsiofiorganicumaterials.wPeat,upeatyuSilt,jorganicu
Siltuhard.u

Buried,iweatheredihorizon.uClayrrichiwithivariousiamountsiofu
clasticidebris;icommonlyicontainsiorganicimaterial;utypicallyu
greenishuinucolor;ihardioriveryudense.u

Heterogeneousidepositsiofilandslideidebris.uChaotical lyibeddedy
silt;sand,iclay landigravel;umayucontainiwoodianduotheru
organics;ihardioriveryidense.u
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Exhibit 4-6. Geologic Units and Descriptions (continued)

Unit Name Abbrev. Unit Description (Note 1)
GLACIAL
Outwashu Qpgoi Glaciofluvialisedimentidepositediasitheiglacialiiceiadvancedu

throughutheiPugetiLowland.uCleanutousiltyuiSand igravellyuSand,u
sandyuGravel;iveryudense.u

Glaciolacustrineu Qpgli  FinergrainediglacialiflouridepositediiniproglacialilaketiniPugetu
Depositsu Lowland.uSiltyuClay iclayeyiSiltiwithiinterbedsiofiSiltiandifineu
Sand;wveryustiffitothardioriveryidense.u

Tillu Qpgtt |Lodgmentutilllaididownualongitheibaseuofitheuglacialiice.u
GravellyusiltyisSand,siltyugravellyiSandu(hardpan);icobblesiandu
bouldersicommon;iveryidense.u

TillzlikeuDepositsi . Qpgdu  Glacialidepositiintermediateibetweenutilliandioutwash,u

(Diamict)u subglaciallyureworked.uSiltyigravellyiSand,usiltyuSand,isandyu
Gravel;ihighlyvariableloverishortidistances;icobblesiandu
bouldersicommon;veryidense.u

Glaciomarinelu Qpgmu Tillzlikeudepositiwithiclayeyumatrixidepositediinuproglacialilakeu

Depositsi byuicebergs,ifloatinguice,landigravityucurrents.uHeterogeneousi
andivariableimixturelofiClay,iSilt,iSand yjandiGravel;irareishells;u
cobblesiandibouldersicommon;veryidenselorthard.u

] U ]

i NOTEw 1, Theugeologicuunitsiarelinterpretivelandibasedioniouriopinioniofitheigroupinguoficomplexu
sedimentsiandisoilitypestintouwunitsiappropriaterforitheuproject.uTheudescriptioniofieachigeologicu
unituincludesionlyugeneraliinformationuiregardingithelenvironmentiofidepositioniandibasicusoilu
characteristics.uForiexample,icobblesiandibouldersiaretonlytincludeduinitheidescriptionuiofithoseu
unitsiwherertheylareimostiprominent.uw

2. Engineeredifilliassumesiqualityicontroliduringuplacementiusingispecifiedicompactionicriteria,u
includingifieldidensityitesting,iselectifillimaterials,umoistureiconditioning,iappropriateu
compactioniequipment,ianduproperuliftithicknesses.uNonengineeredifilluisitypicallyulooselyu
dumpedtorithydraulicallyuplacediwithulittlelorinouqualityucontrol.uw

Aumapushowinguthelelevationuofitheitopuofitheuglaciallyuiconsolidatedusoilsuisi
presentedionuExhibitidr7.wTheuglacialidepositsiareloverlainubyuathickisequencel
ofiveryiulooseitoudenseloriveryisoftitouveryustiffisoilsiinitheilDuwamishudeltau
andutoutheinorthialongitheiwaterfront.uwTheseuimaterialsiwereudepositediafteru
theuretreatiofitheulastuglacieruinuitheuSeattleliareaianduiincludeibeach,ialluvial,u
estuarine ulandslide,iandufillideposits.uwTheseidepositsiarelatileasti250ufeetuthicku
toutheusouthuofiS.uHolgateuStreetianduaresfoundutoidepthsiofi30utou7Oufeetinorthy
ofiS.IKinguStreet.uw

l
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Beachudepositsibeganutolaccumulatelaboutu5,000uyearsiagomwvhenutheuseailevely
reacheduitsiapproximateipresentielevation.uTheseisedimentsiwereireworkedu
anduthenuoverlainubyualluvialidepositsifromitheiDuwamishuRiveriandu
landslideudebrisifromuhigherigrounditoutheleastiofitheishoreline.wlnuisomeu
areas,itheseidepositsiwerelalsolinterbeddediwithieachuotheri(alternatingu
thicknessesiofibeach,ialluvial yandulandslideideposits).uu

Duringutheulasticentury ifilimaterialiwasiplaceduprioritolanduaftericonstructionu
ofithetAlaskaniWayuSeawallitoude pthsiofiSutous0ufeetialonguE .uMarginaliWayu
anduthelPortiofiSeattleufacilitiesitoutheisouthianditoudepthsioful OQutoudOufeety
alongutheiwaterfront.wFillialsouexistsiwestiofitheiSeawall.wAulargeivolumeuofi
unconsolidatedumaterialiexistsuinitheuwvicinityuofiPieri66ubetweenuBroadiandu
LenorauStreets.uThisimaterialiwasireportedlyuplacediinuthisiareaiduringutheu
historiciBelltown/DennyuRegradeuprojectiinuithelearlyui20tucentury.uwMuchuofu
theushallowusoilialongutheusouthernuportionuofitheuprojecticorridoriwasisoilu
thatiwasidredgedifromithesiDuwamishiWaterwayuianduhydraulicallyuplacedu
(placedubyuusinguwater).u

OnutheuhillsidesieastiofitheuprojectiarealandisouthuofitheuSeattleiCenter,uau
complexiseriesiofiglaciallyioverriddenusoili(soilsithatiwereicompactedibyutheu
weightiofioverridinguglacialuice)ulayersiareipresent.uTheseusoilsiwerel
depositediduringuglacialieventsiandiduringuinterglacialuperiodsu(periodsu
whereunouglaciersiwereupresent)ithatiwereisimilarutoitheupresentidayu
environment.uTheseuglaciallyioverriddenusoilsialsoiunderlieithelyounger,i
relativelyilooselandusoft,upostiglacialisoilsithatiwereidepositedialongutheu
waterfrontianduiDuwamishuRiveridelta.wPortionsiofitheialignmentiareulocatedu
withinitheiDennyiRegrade,iwhereimuchuofitheupostiglacialisoiliwasiremovedu
duringuthetearlyi20tucentury.uOnitheleasternusidelofitheuiRegrade,urelativelyu
softupostiglacialisoilsiareipresentiinuitheiswaleuithatioccupieduitheigroundu
betweenuiDennylandiQueeniAnneiHills.wOnithemwesterniside,isomeuofitheusoilsy
haveibeenudisturbedibyulandslidingualongutheusteepislopesithatidefineditheu
shorelinelbeforeufilliwasiplacediinutheslowilyinguareas.u

4.4 Geologic Hazards

Geologicallyihazardousiareasiareidefinediasiareasithat—becauselofitheiry
susceptibilityutolerosion ulandslides,learthquakesi(faulting,uliquefaction,u
groundushaking,letc.),uoriotherigeologicievents—areunotisuiteduforu
developmenticonsistentiwithupublicihealthiandusafetyiconcerns.uWashingtonu
State’siGrowthiManagementiActi(Chapteru36.70AlRCW)urequiresiallicitiesiandu
countiesitolidentifyugeologicallyihazardousiareasiwithinutheiryjurisdictionsu
anduformulateidevelopmentiregulationsiforutheiryprotection.u
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TheuCitywofiSeattleihasidevelopediRegulationsiforiEnvironmentaliCriticaly
Areasiandiaccompanyingumapsi(CityuofiSeattlei2002).uTheseuregulationsy
requireithatidetailedigeotechnicalistudiesibeuprepareditoladdressispecificu
standardsirelatingutousiteigeologyiandusoils,iseismicihazards,iandufacilityu
design.uTheufollowingusectionsisummarizeitheigeologicihazarduty pesithatimayu
belanticipatediwithinutheuprojecticorridor.ultishouldibeinotedithatimanyuofu
thesethazardsuarelinterrelated.u

4.4.1 Landsliding

TheuCityuofiSeattleihasiidentifiedulandsliderpronelareasithatiincludeisteepu
slopes,iknownulandslidelareas,iandiareasiwithulandslideipotentialibecauseuofu
geologiciconditions.uSteepuslopesiareidefinedibyitheuCityuofiSeattlelasislopesi
steeperithanianiaverageuofi4Oupercentianduwithuatuleastul Oufeetiofuverticaly
change.uThelonlyusteepuslopesialongitheuprojectialignmentiareionutheleasternu
sidelofitheuBurlingtoniNortherniSantaiFeu(BNSF)urailroadutracks,ibetweenu
VirginiauStreetianduBelluStreet.wTheusteeperupartsiofitheuslopesiinithisiareau
rangeufromuabouti50utoul00upercent.winitheipastifewuyears,iseveralismally
shallowulandslidesthaveloccurredionuthisislope.wTheyuareutypicallyulitou3ufeetu
deepuanduareigenerallyulOutou30ufeetiwide.mNourecentideepiseatedulandslidest
haveubeenuobservediinithisiarea.uwDuringuaiseismicievent,uincreasedushallowu
landslidingumayuoccur.wlnuiaddition,itheufillimaterialsiplaceduwestiofithel
SeawalliinuithewvicinityuofiPieri66umayualsolexperienceulandslidinguduringuau
seismicuevent.u

4.4.2 Erosion

Theuprojectiareaisuiprimarilyuclassifiediasiurbanidevelopmentianduisithereforeu
notianuerosionihazardiarea.uHowever itheusteepislopesilocatedialongitheieasty
sidelofitheuiBNSFurailroadutracksibetweeniVirginiaiStreetiandiBelluStreetuhaveu
experiencedusurfacelerosioniandigullyidevelopmentiundericonditionsiofi
significanturunoff.u

4.4.3 Fault Rupture

TheusouthernienduofitheuprojectiareavisilocatediwithinutheuSeattlelFaultiZone.w
TheuSeattlelFaultuisibelieveditoibelaithrustiorireverseifault,iwithitheibedrocku
southuofitherfaultubeingishoveduupiandioveritheibedrockiandusoilitoitheinorthu
ofitherfault.wwWithiniaufewumilesiofitheuigroundusurface,itheifaultibreaksiup,u
creatinguaunumberuofiruptureusurfacesiorisplaysiatitheigroundusurface.uwThelu
widthuofitheuruptureizonelatitheigroundusurfacetisiapproximatelyu2utoudumilesy
wide,inorthutousouthu(Johnsonuetial 11999).uTheufaultizonewextendsifromutheu
KitsapuPeninsulaineariBremertonionitheiwestitoithesSammamishuPlateautonu
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theweast.wExhibitidrluishowsitheulocationuofitheitwoumostinorthernusplaysi
withinutheuprojectiarea.uw

GeologiclevidenceugathereduioveritheulastilOuyearsisuggestsithatisurfaceu
rupturelofithisifaultizonewoccurrediasirecentlyuasil,100uyearsiagouwvithiasimuchu
asi22ifeetiofiverticalidisplacementu(Bucknamuetial.11992).mwRecentitrenchesu
excavatedialongutheufaultilocationsiindicateuithatithereithaveibeenuaboutithreeu
eventsiwhereitheisurfaceiwasirupturediinitheupasti10,000uyearsi(Nelsonuetual .u
2000).wConsequently uithewrecurrencelofisurfaceifaulturupturemwithinutheizoneu
appearsitoibelonithesorderiofithousandsuofuyears.uwAlso,ifaultisplaysuinitheu
northernuportioniofitheizonelappearitoibeitheumostirecentlyiactiveiandicapableu
ofirupturinguitheigrounduisurface uresultinguiniseveralifeetiofiverticalioffset.u

4.4.4 Liquefaction

Soiluliquefactionuoccursiinuloose,isaturated,isandyusoiliwhenutheivwateru
pressurelinutheuporeuspacesiincreasesitolailevelithatuisisufficientitouseparateutheu
soiligrainsifromueachuother.wThisiphenomenonuoccursiduringigroundishakingu
anduresultsiiniaureductionuofitheushearistrengthuofitheusoilu(auquicksandilikeu
condition).wTheuwreductionuinustrengthudependsionutheudegreelandiextentiofitheu
liquefaction.uLiguefactionucanuresultiinuigroundusettlement,ulateralispreadingu
(lateraligroundimovementionugentleuslopes),ulandsliding,ulocalizedugroundu
disruptionsifromusanduboilsi(ejectioniofisandianduiwateriatitheigroundusurface),u
andureduceduverticaliandulateralicapacityuforistructureifoundations.uBuildings,u
bridges,iandiotherustructuresifoundedionuoriinitheuliquefieduisoilsuimayusettle,u
tiltumoveulaterally,ioricollapse.wTheudegreelofiliquefactionidependsionitheu
consistencylanduidensityuofitheusoil itheugrainisizeidistributionuofitheusoil uandu
theumagnitudeuofitheuseismicievent.uSettlementicoulduialsouresultifromupartialy
liguefactionuand/orudensificationiofiunsaturatedisand.u

Geologicuunitsiinitheuprojectiareaithatitypicallyihavelathighususceptibilityutou
liquefactionuincludeitheirecentialluvialiandibeachudepositsiandinonengineeredu
fills.wTheseudepositsiareuprimarilyulocateduinitheisouthernuportionuofitheu
projecticorridoriandialonguthemwaterfront.uLiquefactionustudiestinithelPugetu
Sounduregionuhaveufoundithatiglaciallyuoverriddenudepositsihaveuaulowu
susceptibilityutouliquefaction.uLiquefactionihazardiareasihaveibeenimappedi
byutheuCityuofiSeattlelandiareishownioniExhibiti4rl.mLiquefactionustudiesihavel
alsoubeenuaccomplishediforithisuprojectiusingutheuresultsiofiavailableu
explorationsianditheiboringsicompletediforuthisuprojecti(seeiGeotechnicaliandu
EnvironmentaluMemorandai[Shannoni&iWilsonu2002b]).uTheuresultsiofitheseu
studiesigenerallyuiconfirmutheuliquefactionuareasishownuoniexhibitu4zd.u
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4.4.5 Ground Motion Amplification

Theupresenceuofisoiliaboveibedrockicanichangeuthelintensityuofigroundu
shakingufeltiatitheigroundusurfaceifromiwhatiwouldihaveibeenufeltiifionlyu
bedrockiwerelatitheigroundusurface.wVeryusoftiorulooseusoilsimayicauseuthey
groundishakingutoubelamplifiedi(greaterithanuthatifeltionurock)ioriattenuatedu
(lessithanuthatifeltionurock).uGroundimotioniamplificationimayuresultuiny
highenigrounduimotionsifeltuibyulongubridgesianduisimilarilongiperiodu
structures.u

Theusoiliconditionsiinutheuprojectiareaurangeifromudeep,iloose uliquefiable
depositsiatitheisouthuendutoudeep,iglaciallyioverridden,isandyusilty landu
gravellyisoilsiatitheinorthiend.uwAtitheisouthiendiofitheuprojectiarea,itheu
potentialiforigroundimotioniamplificationuvaries.wForismalliorudistanty
earthquakesithaticauseulowulevelsiofishaking,itheipotentiallyuliquefiableusoilsu
arellikelyutolamplifyitheigroundishaking.wForularge,inearbyuearthquakesithatu
causelhigherulevelsiofishaking,ulittleilamplificationuorieveniattenuationuofu
higherifrequencyigroundimotionstisipossibleibeforeuliquefactionuwillioccur.u
However iforitheisameunearbyiearthquake,ullowifrequencyigroundimotionsiatu
liquefiableusitesiareulikelyutoibelamplified.wTheusoilsiatitheinorthienduofithel
projectiarealareinotiexpecteditolamplifyiearthquakeugroundimotions. i

4.4.6 Seiches and Tsunamis

Seichesianditsunamistareishortiduration,learthquakergeneratediwateriwaves.
Seicheslareiwavesithatioccuruinienclosedibodiesiofivwater ianditsunamisiarel
wavesithatioccuriinithelopeniocean.uThelextentiandiseverityuofithesewwaveslisi
dependentuiuponigroundimotions,ifaultioffset,uandulocation.uStudiesionuthesel
typesiofiwavesiinitheilPugetiSounduiwereupresentedibyutheiCenteriforiTsunamiu
InundationiMappingiEffortsi(Gonzalezi2002).uTheseifindingsiindicateduithatuau
magnitudeu7.3uitou7.6learthquakeucausedifromurupturelofitheiSeattleiFaultimayu
resultuinuatwaveuthatiwouldiinundateimuchuofithewvaterfrontiinuexcessiofuéu
feet.wMostiofitheicentraliandisouthernuportionsiofithewviaductiwouldulikelyubeu
inundateduiwithuatuleastilifootiofiwater.u

TsunamisigeneratedifromulargelearthquakesiinutheuPacificiuOceanubasinimwouldu
alsoulikelyuresultiininundationuofitheiwaterfrontiandiviaduct.uwTheseustudiesy
arelcurrentlyiongoing,ibutiseveralifeetiofiinundationialonguthemvaterfrontiandu
viaducticorridorifromuaitsunamiuruniupuisilikely.wHistoricidataifromutheu1964u
AlaskalearthquakeliniPrinceiWilliamuSoundishowiaitsunamiuruniupuofu0.8ifeetu
(WilsoniandiTorumul972).u
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4.5 Regional Groundwater Systems

TheutwoumainiaquiferisystemsuinitheuSeattlelarealareibothuglaciallyuoverriddenu
alluvialidepositsicomposeduoficoarseigrainedisediments,isuchuasisandiandu
gravel,ithatiwereidepositedibyuglaciallyufedistreams.uTheugeologiciunitiofitheu
upperiaquifervisiknownuasitheiVashoniAdvanceiOutwashu(oriEsperanceiSand),u
andutheugeologiciunitiofitheuideeperiaquiferuisiknownuasiprerVashoniOutwash.u
Bothuofitheseugeologiciunitsiareiwidespreadithroughoutitheuprojectiareaubutu
areulocallyudiscontinuous.uSeparatingitheselaquifersiareifinergrainedusoily
depositsithatuidounotireadilyutransmitigroundwateriandithereforelimpedeutheu
verticalimovementiofigroundwateribetweenitheitwouaquifers.uTheseufiner
grainedulayers,iwhichuareureferreditolasiaquitards,iincludeutheigeologiciunity
knownuasitheiVVashonuGlaciolacustrineidepositi(alsouiknownuasitheiLawtonu
Clay),inoniglacialilakeideposits,iandifinergrainedisediments.wAsiwithitheu
aquiferuunits,itheselaquitardsiareinotinecessarilyicontinuousionianiareawidel
basis,landiwhereiabsent,itheiVashoniAdvanceiOutwashiandideeperiprer
VashoniOutwashuaquifersiarelinudirecticontactiwithueachuother.u

Inladditionutouthestwoumainuaquifers,iseveraliotherinearisurfaceigeologiciunitsi
maylyieldisufficientiwateriforutdomesticiuse.wRecentialluvialisoils,idepositedu
byuimoderniriversiandistreams,imayubelailocalisourcelofigroundwateru
dependinguonithesthicknessiandipermeabilityuofitheusoils.ulnisomelareasiofitheu
PugetiSound,iglacialioutwashisoilsithatiwereidepositediasitheiglaciersiwerel
recedinguareusufficientlyiextensiveutouservelasiaquifers.uHowever uinuitheu
Seattlelarea,itheseiunitsiareigenerallyithiniandudiscontinuous,iand ialthoughu
theseidepositsimayucontainiwater,itheyigenerallyiarelinadequatetiniextentiandu
qualityutoubeiusediforiwaterisupply.uHydrauliciconnectionibetweenitheunearu
surfacelalluvialioruglacialioutwashudepositsiandithesunderlyinguaquifersuisy
oftenulimitedubyutheupresencelofifinergrainedideposits,lincludingulayersioficlayu
andusilt.u

4.6 Regional Groundwater Flow

GroundwateriflowlinitheuSeattlelareauisigenerallyicontrolledibyutheicomplexi
distributioniofifineriandicoarsergrainedideposits,ulocalitopography ,iareasi
wherelprecipitationuprovidesirechargeitolaquifers,iandiareasivwherel
groundwaterudischarges.uwGroundwaterirechargeutypicallyioccursuinitheu
uplanduareasiofiSeattle,lincludinguCapitoliHill i QueentAnneiHill,uMagnoliau
HillianditheiUniversityuDistrict.uGroundwaterimovementifromitheselu
rechargelareasiisidominantlyidownwarditowardidischargeuareas,iwhichuareu
typicallyumajorusurfaceiwateribodiesisuchuasiLakeiUnion,iLakeiWashington,u
anduElliottuBay.uw
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Theudirectioniofigroundwaterimovementuisialsouwcontrolleduinupartibyutheu
abilitywofitheusoilitoutransmitiwater,iwhichuisicalledithethydrauliciconductivityu
ofitheusoil.wlnuthewupperupartiofitheusoiluprofile ugroundwateruflowtinutheu
coarseigrainedideposits,isuchiasiVashoniAdvanceiOutwash,lisipredominantlyu
horizontaliunderiwateritableiconditionsiandimayudischargeuatispringsioriseepsi
onitheuhillsides.uwTheigroundwateruinitheseunitsuisitypicallyuperchedionutopuofi
finergrainedusoilsithatidon’tureadilyutransmitigroundwater.wConsequently,u
whereufinergrainediunitsiareipresent,ionlyiaismalluportionuofithisiwateruisiablel
toumoveuverticallyidownwardithroughutheirfinergraineduunitsitoithesaquiferuiny
thewunderlyingucoarseigrainedisediments.u

Groundwateriflowliniwateribearinguunitsiatiandibelowiseauleveliisiprimarilyu
governedibyitheithydraulicigradientu(differenceliniwaterulevels)ubetweenu
groundwateriandusurfaceiwaterudischargeuareas,lincludinguLakeiUnion,uLakeu
Washington,landiElliottuBay.uTheuhydraulicigradientideterminesitheupotentialu
forigroundwateritoumovetinauparticularidirection,iwithigroundwaterimovingu
fromuhighuwaterulevelsitoulowiwaterilevels.uwlnlandiofitheisurfaceiwateribodiesi
listeduabove,ithethydraulicigradientsiareitypicallyidownward.uTheusurfaceu
waterubodiesiareliniturnidischargelareasiwithugroundwateriflowigenerallyu
upwarduinitheirwvicinity.wlnitheuSeattlelarea,uLakeiUnion,uLakeiWashington,
andiElliottuBayuareuregionaligroundwaterudischargelareas.u

4.7 Site Groundwater Conditions

Groundwatericonditionslinutheuprojectiareaiareigenerallyiconsistentiwithutheu
regionaligroundwaterisystems.uBasedionuvariousiprojectialternatives,itheu
projectiareaumayubeudivideduintoutherfollowingifivelareas:u

I Southu(S.i1SpokaneuStreetitouS.uKinguStreet):uthickisequencesuofifilliandu
postiglacialialluvialiandiestuarineidepositsiareupresent.u

f Centralu(S.uKinguStreetuitouBST):ugenerallyufinergraineduisoils,u
interspersediwithithinizonesuoficoarsergrained,iwateribearingu
deposits,lareupresentialongutheiwaterfront,uanduathighlyuvariableu
sequencelofifineiandicoarseigrainediglaciallyioverriddenusoilsiisi
presentiinland.u

f Northuwaterfrontu(alongumwaterfrontifromuPikeuStreetitouMyrtleu
EdwardsiPark):waithickisequenceuoficoarseigrainedialluvialidepositsi
interspersediwithuthin,idiscontinuousilayersiofifinergrainedusoilstisy
present.u

 Northu(BSTutouwWarduStreet):.whighlywariableisequencesiofifinemandu
coarseigrainediglaciallyioverriddenusoilsiareupresent.u

 Seawallu(S.uKinguStreetitouMyrtleilEdwardsiPark):wSimilarstounorthu
waterfront.u
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4.7.1 South - S. Spokane Street to S. King Street

Thislareavisiunderlainibyuaithickisequenceuofifill ushallowiestuarineusiltiandu
clay,landualluvialiandibeachusandiandusiltideposits,iwhichuwereidepositedu
afteruglaciation.wTheseidepositsirangelinuthicknessifromuabouti50utoi200ufeetuiny
theunorthernuhalfiofithelareatolabouti200utou250ufeetiinutheisouthernuhal f.u
Underlyingitheseidepositsiareuglaciallyiconsolidated,igenerallyufinergrainedu
deposits.ulnitheunorthernuhalfiofitheuarea,isomeicoarseigrainedidepositsiarel
present.u

Thewwateritablelelevationuinuthisiareauisiessentiallyuflat,uwithutheudepthutou
groundwaterurangingufromuapproximatelyu6itoi8ifeetibelowitheigroundu
surface,uprimarilyidueitowvariationsiinuitheigroundusurfacelelevationiandutidalu
fluctuations.wFluctuationsiinuthewwvateritableiduentoutidesulikelyioccurialongu
thisupartiofithelalignment.uwWaterulevelsiinitheideeperusoilsiareigenerallyu
similarutoutheuleveliofitheuiwateritable uindicatinguthatuthereuisulittleitounou
verticalihydraulicigradient.wHowever itoitheinorth,iwaterilevelsiinudeeperu
coarseigrainedusoilsiareinearitheigroundisurface,lindicatinguaniupwardi
hydraulicigradientiinuthisiarea.u

Theurelativeihydrauliciconductivityiofitheusoilsioverlyingutheiglaciallyu
consolidatedudepositsuisigenerallyulow,iwithithelexceptionuofilocalizonesuofi
alluvialilandibeachusandideposits,iwhichimayuhavelaithigherihydraulicu
conductivity.uTheurelativethydrauliciconductivityuofitheuglaciallyiconsolidatedu
soilsuisigenerallyulow,iexceptiforitheicoarseigrainedidepositsitoutheuinorth,u
whichuhaveuaurelativelyuhighuhydrauliciconductivity.u

GroundwateriflowiinuthisiareavisigenerallyithorizontalitowardiElliottuBay.u
Mostiofitheugroundwateriflowioccursiwithinutheufillumaterial uinitheicoarser:
grainedualluvialiandibeachudeposits,ianduinitheicoarsergraineduglacialisoilsutou
theunorth.wVerticalimovementiofigroundwateruisilimitedubyutheulackiofuverticalu
gradienti(exceptiinutheunorthernuportionuofithisiarea)ianditheupresencelofisilty
anduiclayulayers.u

4.7.2 Central - S. King Street to Battery Street Tunnel

Soiliconditionstalongutheiwaterfrontuportionuofithisiareaiconsistiofi25itou55ufeetu
ofifilllandisedimentsidepositeduiafteruglaciation,ioverlyingialternatingulayersuofu
glaciallyioverconsolidated,ifinergrainedisiltiandicoarsergrainedisandiandu
gravel.wGroundwateruisiapproximatelyu8itoul 2ifeetibelowigroundusurfaceu
withinutheufill iddependingumostlyionutheigroundusurfacelelevationianditidalu
fluctuations.uwTheumagnitudelofitheutidalifluctuationugenerallyuappearsitoubeuau
functioniofitheiseawallitypelanduitsiintegrity.wlnithewvicinityuofiY esleriWayu
whereitheiseawalliisiaupilersupportedigravityusection,ithemwateritableichangesu
byuuputou6utoul Oufeet uinunearudirecturesponseutoutheutideuleveliiniElliottuBay.w
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Withinutheufill itheshydrauliciconductivityuisthighlyuvariablelasiauresultiofitheu
heterogeneousinaturelofithisideposit.wTheurelativeihydrauliciconductivityuofu
theuglaciallyioverconsolidatedidepositsialongutheiwaterfrontuportionuofuthisu
areavisulowiforitheurfinergrainedisiltianduhighuforitheicoarseigrainedisandiandi
gravel.uw

Groundwateruflowtinitheiwaterfrontuiportionuofithisiareaioccursiprimarilyuinu
theucoarsergrainedisandianduigravelilayersithatiareiconfinedibyuoverlyingufiner
grainedusoils.ulnigeneral,ugroundwateriflowtisihorizontalitowarduElliottuBay.u
Groundwaterulevelsimeasureduinitheideepericoarsergrainedusoilsishovwwuau
responseutolElliottuBayiutidesiwithifluctuationsirangingufromuapproximatelyulu
tou7ufeet.wAlongumostiofithisiwaterfrontiarea,itheretisianuupwardihydraulicu
gradientiasigroundwateriflowsitoitheiElliottiBayudischargelarea.wHowever,u
thetinterveningulayersiofifinergrainedisoilsislowitheuiverticalimovementiofu
groundwateribetweenulayers.uu

Groundwateruconditionstinitheiuplanduiportionuofithisiareai(generallyinorthu
andieastuofiWesternuAvenueloriFirstiAvenuelS.iarethighlyuariableidueutoutheu
interlayeringuofifineniandicoarseigraineduisoils.ulnigeneral,icoarseigrainedu
sandsiandugravelsiareitheiprimaryuiwateribearinguunitsiinithisiarea.uFiner
grainedisedimentsioverlieitheseideposits.ulnisomelareas,ismallizonesuofi
shallowigroundwateruperchionitopuofitherfinergrainedisoils.uBetweeniandu
beneathitheseuperchediwateribearingizones,itheifinergrainedusoilsiareu
generallywunsaturatedidownutoutheuunderlyinguwateritableliaquifer.u

Theudepthitougroundwateruinitheiuplanduportionuofithisiareauisiaufunctionuofi
groundisurfacelelevationuatilocationsifartherifromuElliottiBay.wTheutidalieffectsi
thatuhaveubeenuobservedionigroundwaterilevelsialonguthemwaterfrontidissipateu
eastwardibetweeniFirstiAvenuelS.iandiFourthiAvenue.ulnitheiuplandiareast
northeastiofiFirstiAvenuelS. ithewregionaliwateritabletisigenerallyubetweenu100u
andul35ufeetibelowugroundusurface,uidependinguonitheigroundisurfacel
elevation.uHowever iperchediwateriandiisolatedizonesiofigroundwaterulikelyu
existiaboveithisideepuwaterutable.uw

Theurelativethydrauliciconductivityuofithewuplandisoilsiisulowiforutheufiner
grainedidepositsianduhighuforitheicoarsergrainedideposits.uThethorizontaly
hydraulicigradientuisigenerallyutoitheiwestitowarduElliottuBay.uwTheugradientuisu
steeperuneariElliottiBayiandibecomesiflatteriawayifromuElliottuBayutoutheleastu
andunortheast.uTheudirectionuofiflowiforishallow,uperchedigroundwatertuisi
locallyucontrolledibyutheigeometryiandiextentiofitheuperchingusoilsiandithel
nearisurfaceitopography.u
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4.7.3 North Waterfront — Pike Street to Myrtle Edwards Park

Soiliconditionsiinuthisiareaiconsistiofinearisurfaceifilliandisedimentsidepositedu
afteruglaciation,ioverlyinguglaciallyioverconsolidatedidepositsiandisedimentsi
depositedibetweeniglacialuperiods.uTheloverconsolidatedidepositsigenerallyu
consistiofisandiandugravel.wlnisomelareas,itheiupperulsitoidOufeetiofithesel
depositsithavelaurelativelyuhighupercentageuofisiltianduclay.wThisusiltianduclayu
contentitendsitoudecreasemwithudepth.uwAudiscontinuousizonelofifinergrainedu
sedimentuisipresentibetweeniabouti70iandul00ifeetibelowigroundusurface.u

Groundwateruisiencounterediapproximatelyi8itoil 2ifeetibelowutheigroundu
surfacemwvithinutheufillimaterials.wThewwaterutableuisirelativelyuflatiandiappearsu
toufluctuatelinuresponseutoutidaliaction.wTheunagnitudelofitheutidalifluctuationu
generallyiappearsitoibeiaifunctioniofitheiseawallitypeianduitsiintegrity.ulnu
contrast,ugroundwaterulevelsimeasureduinitheideepericoarsergrainedusoilsu
showuauresponseutolElliottuBayutides,iwithifluctuationsirangingufromu
approximatelyulitou7ufeet.uw

Withinutheufill sthesthydrauliciconductivityisihighlywvariablelasiauresultiofitheu
heterogeneousinaturelofithisideposit.wTheurelativesthydrauliciconductivityuofu
theuglaciallyioverconsolidatedidepositsiofithisiareatisilowuforitherfinergrainedu
silttanduhighuforutheucoarseigrainedisandiandigravel.wThewupperizoneiofitheu
coarselgrainedisandiandigravel,iwhichicontainsiathigheripercentageuofusiltiandu
clay,uihasiaulowerihydrauliciconductivityuthanitheiunderlyinguisandianduigravel.u

Groundwateriflowtisivariableiandidependentionitheusoilitype.uTheuflowu
occursiprimarilyuinitheucoarsergrainedisandianduigravelulayers,iwhichuareu
confinedubyutheloverlyingifinergrainedisoils.ulnigeneral igroundwateruflowwuisi
horizontalitowardiElliottiBay.uwAlongumostiofithisiarea,itheretisianiupwardi
hydraulicigradientiasigroundwateriflowsitoitheiElliottuBayudischargelarea.u
However ithelinterveningulayersiofifinergrainedusoilsislowitheuverticalu
movementiofigroundwateribetweeniwateribearingulayers.uw

4.7.4 North — Battery Street Tunnel to Ward Street

Thislareavisiunderlainubyuinterlayeredifineiandicoarseigrainedusoils.ulnu
general,icoarsergrainedisandsianduigravelsiareitheiprimaryiwateribearinguunitsi
inuthisiarea.wTheseldepositsiareigenerallyioverlainibyufinergrainedisediments.u
Inisometlareas,ismallizonesiofishallowigroundwateruperchuonutopuofitheufiner
grainedusoils.uBetweeniandibeneathitheseuperchediwateribearingizones,itheu
finergrainedusoilsimayubelunsaturatedidownitoitheiunderlyinguwaterutableu
aquifer uparticularlyiatitheisoutherniendiofithisiarea.u

Theudepthitoulgroundwateriisiaifunctionuofigroundusurfacelelevationianditheu
presenceluofiperchediwateribearingizones.wAtitheinorthuenduofitheuBST utheu
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regionaliwaterutablesisigenerallyibetweenu100iandul35ifeetibelowugroundu
surface.uToutheinorth,ithewregionaliwateritableisishalloweriasitheigroundu
surfaceudipsidownwarditowardiLakeiUnion.uw

Theurelativethydrauliciconductivityuofitheiuplanduisoilsiisilowuforitheufiner
grainedidepositsiandihighuforitheicoarseigrainedideposits.uGroundwateru
hydraulicigradientsiandiflowudirectionsihaveinotibeenidetermineduinuthisy
areajthowever,igroundwateriunderlyingutheinorthernuhalfiofithisiareamvilly
likelyiflowitowardiLakeiUnion.uwTheudirectionuofiflowuforishallow,uperchedu
groundwateruisulocallyicontrolledibyutheigeometryianduiextentiofitheuperchingu
soilsianditheuinearisurfaceitopography.u

4.7.5 Seawall - S. King Street to Myrtle Edwards Park

Soiliconditionsiadjacentitoitheiseawalliareisimilaritoithosetinitheinorthi
waterfrontiarealanduconsistiofinearisurfaceufilliandisedimentsioverlyingu
glaciallyuioverconsolidatedidepositsiandisedimentsidepositedibetweenuglacialu
periods.uGroundwateruisiencounterediapproximatelyu8itoil 2ifeetubelowutheu
groundusurfaceiwithinutheufillimaterials.uThewwateritableuisirelativelyuflatiandu
appearsitoufluctuatesinuresponseutoutidaliaction.wTheimagnitudelofitheutidal
fluctuationugenerallyiappearsitoubelatfunctionuofitheiseawalluitypelanduits
integrity.wlnucontrast,uigroundwaterulevelsimeasurediinitheideepericoarsel
grainedusoilsishowiairesponseitolElliottuBayutides,iwithufluctuationsirangingu
fromuapproximatelyulitou7ufeet.uw

Withinutheufilliladjacentitoutheuseawall itheihydrauliciconductivityuisithighlyu
variablelasiauresultiofithesheterogeneousinatureuofithisideposit.uwTheurelativeu
hydrauliciconductivityuofitheuglaciallyioverconsolidatedidepositsiadjacentutou
theuseawalluisulowiforithelfinergrainedusiltianduhighuforitheicoarsergrainedu
sanduandugravel.uwlnitheinorthernuhalfiofithelarea,itheiupperizoneiofitheu
coarseigrainedisandiandugravel,iwhichicontainsiathigherupercentageuofisiltiandu
clay,ihastailowerihydrauliciconductivityithanithewunderlyingisandiandigravel.u

Groundwateriflowtisivariableiandidependentionitheusoilitype.uTheuflowu
occursiprimarilyuinitheucoarsergrainedisandianduigravelulayers,iwhichuareu
confinedibyitheuoverlyingufinergrainedusoils.winugeneral,uigroundwateruflovwuisy
horizontalitowardiElliottiBay.wAlongumostiofithisiarea,itheretisianiupwardi
hydraulicigradientiasigroundwateruflowsitoitheiElliottuBayudischargeuarea.u
However ithelinterveningulayersiofifinergrainedusoilsislowitheuverticaly
movementiofigroundwateribetweeniwateribearingulayers.uw

4.8 Groundwater Recharge and Discharge

Rechargeutouthelaquifersuinutheuprojectiareatoccursiasiprecipitationu(rain)u
infiltratesu(penetrates)itheigroundisurfaceiwithiniandieastiofitheustudyuarea.u
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ThelaveragelannualuprecipitationuforitheiSeattlelareauisiapproximatelyu34u
inches.wRechargeibyuprecipitationuisicontrolledubyiainumberiofiparameters,u
includingigroundislope,ithelamountiofipavediarea,iandithetsoillsiabilityutou
transmituwater.uwlniareasiwhereitheigrounduslopeluisisteep,iwateruwillirunoffu
theufaceuofitheuslopesandulittlenwateriwilluinfiltratelintoitheuisubsurfacelonutheu
slope.wAtitheibaselofitheuslope,itheirunoffimayicollectiandirechargeudependingu
onithelamountiofipavediareaiandusoiliconditions.winupaveduiareas,i
precipitationuwillurunuoffithesarea,itypicallyutoitheicombinedusewerusystem.u
Therefore,linlareasiwhereutherelisiathighudensityiofibuildingsiandipavement,u
littleurechargelisulikelyutouoccur.wTheuratelatiwhichuprecipitationuinfiltratesuisuau
functionuofisoiliconditions,uparticularlyutheusoil’siabilityutoitransmitiwater.ulnu
areasiwhereitheinearisurfaceusoiliconsistsiofisiltioriclay iwateruwillinotureadilyu
infiltrate.u

Hydraulicigradientsimeasureduiniagquifersiunderlyingutheuprojectiarealindicateu
groundwaterimovementitowardiElliottiBayiandiLakeiUnion.uwTheimainuareaiofu
dischargeuisiElliottiBay lexceptiinitheinorthernupartiofitheuprojectiarea,iwherel
shallowugroundwaterulikelyudischargesitouiLakeiUnion.uw

4.9 Current Aquifer Use and Institutional Use Prohibitions

Nouactiveidrinkingiwateriwellsihaveibeeniidentifieduinutheuprojectiarea;u
however laireviewtofiEcologyuwaterirightsirecordsiindicatesithatitwouactiveu
waterurightsiforigroundwateriwithdrawaliexistuinutheuwvicinityuofitheuprojectu
area.wAugroundwaterucertificateiwasiissueduforuthesformernTroyuiLaundryuCo.u
locateduatutheicorneriofiThomasiStreetianduFairviewiAvenuelN.wTheucertificateu
waslissueduinu197 Liforigroundwateriwithdrawalifromuaivwell.wTheucurrenty
statusiofitheivwelliisinotiknown.wAigroundwaterirightihasibeenuissuediforu
SafecouFieldiforiirrigationuofitheuplayingufield.wThewwvaterisupplyuisifromutheu
permanentidrainageusystemubeneathutheisportsifacility.u

Twoladditionaliwaterirightsiareiknownutolexistiwithiniapproximatelyuiluimileu
ofitheustudyuarea.uwAugroundwaterurightihasibeenuissuediforitheiPortiofiSeattleu
atiPieri91.wTheuPieri9liwelliisiscreenedifromu340utoud45sifeetibelowugroundu
surfacelanduisiusediforiindustrialiwaterisupply.uwAigroundwaterurightiforiany
emergencyubackupiwaterisupplyuwellihasibeenuissuediforiProvidenceiHospitalu
locateduiati500u1 7t uAvenue.u

BecauselofitheupresencelofiaumunicipaliwaterisystemuinutheuSeattlelarea,u
groundwateruuselisigenerallyulimiteditoilemergencyianduindustrialisupplyu
wellsiforutnonidrinkinguuse.wTheunearestiknownidrinkinguwateruwellsiareitheu
HighlineuAquiferisystemiwells,ilocatedinorthuofitheiSear TacuAirporti(aboutu6u
milesisouthuofitheusouthernuedgelofitheuprojectiarea),iwhichuareupartiofitheu
CitywofiSeattleiwaterusystem.uThesewwellsiareiscreeneduinioldericoarsergrainedu
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deposits.uThisiaquiferiisinotiinuihydrauliciconnectioniwithithelaquifersibelowu
theuprojectiarea.u

4.9.1 Sole Source Aquifers

Nousoleisourcelaquifersiareulocatediwithinusumilesiofitheuprojectiboundaries.u

4.9.2 Wellhead Protection Areas

Theuprojectuicorridoridoesinotioverlapuanyiwellheaduprotectioniareas.uTheu
nearestiwellheaduprotectioniareauisiforitheiHighlinetAquiferisystemuwells.u
TheuprojectiboundaryuisioutsideuofitheilOryearicaptureizoneuforitheiHighlineu
Aquiferiwellheaduprotectionuarea.uu
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Chapter 5 OPERATIONAL IMPACTS AND BENEFITS

Geologyuianduisoilsirelatediimpactsicausedibyutheiproposediprojectivwouldibeu
impactsutolexistingufeaturesi(structures,utilities,ietc.Juialongutheuprojectu
corridor.uTheimainutypesiofistructuresiincludeduinitheuproposedualternativesi
thatiwouldihaveugeologyniandusoilsirelatediimpactsiincludeielevatedu
structures,itunnels,itheiseawall,ifilliembankments,icutislopes,iwalls,iandu
upgradesitolexistingustructures.uwNousoilsuorigeologyirelatedioperationalu
impactsiarelanticipatediforiatigradeuroadwaylimprovements,inewusignsioru
signals,iorupaving.l

TheuprojecticorridoriextendsifromuapproximatelyuS.iSpokaneuStreet,unorthu
alongutheidowntownuSeattleiwaterfront,itolapproximatelyiWarduStreetuinutheu
SouthiLakeiUnioniarea.uSixidifferentialternativesiareibeingiconsidereduforutheu
projectiandiareudiscussediasifollows:u

1 NouBuildiAlternativel
RebuilduAlternativel
AerialiAlternativel
TunneliAlternativel
BypassiTunneliAlternativel
SurfacelAlternativel

= —a _—a _—_a _a

Eachualternativeicontainsivariousioptionsiforidifferentiareasialongutheuprojectu
alignment.uEachuofithelalternativesiandioptionsicontainsielementsithatiareu
commonutolotherualternatives.wForiexample,iregardlessiofiwhichialternativeu
(exceptitheuNouBuilduAlternative)uisiselected,itheuprojectiwilliincludeu
repair/replacementiofithelexistingiseawall.ulniaddition,itheialternativesialsou
havelelementsiinicommon,isuchuasithewusesofudrilledishafts,uMechanicallyu
StabilizediEarthu(MSE)uwalls,icastriniplaceu(CIP)iconcreteupiles,igroundu
improvement,iandiotherigeotechnicalirelatedifeatures.wMSEmwvallsiareu
retainingustructuresiconstructedibyutheisoilimassibehindithemvallivwithuau
reinforcingugeotextileloriotherusoilireinforcementisystem.uwTheureinforcedusoilu
masslisitypicallyuprotectedubyuathardeneduisurfaceu(e.g.,iconcreteublocks)ialongu
theusoiliface.wClPuconcreteupilesiareiclosediendisteelipipeupilesi(casings)udriveny
intoitheigroundiandufillediwithureinforcediconcrete.uw

Groundiimprovementiwillibeuperformeduiforiselectedialternatives.uGroundu
improvementitechniquesimayuincludewvibroireplacementi(stoneicolumns),ljetu
grouting,landideepusoilimixing.uSelectioniofithelappropriateigroundu
improvementitechniquesidependsiuponiainumberiofiissues,tiincludingutheusoily
typeu(especiallyufinesicontent),uleveliofiimprovementirequired,iareaiandidepthu
taubelimproved,iproximityuofiadjacentiexistingustructures,iandicost.uu
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Operation impacts are those that occur over the long term as the facility is in
operation. Unless otherwise noted, operation impacts apply to all areas
where the proposed feature will be installed and may apply to more than one
alternative. The following sections present discussions of different types of
operation impacts for each alternative and option. Mitigation measures for
the identified impacts are discussed in Chapter 8.

5.1 No Build Alternative

The No Build Alternative does not include earthwork. Existing features will
remain, and no repair of the existing seawall or seismic upgrade of the viaduct
will be performed. As stated in Section 4.4.4, there is a high liquefaction
hazard along the southern and central areas of the project. For the No Build
Alternative, the existing viaduct will be susceptible to damage caused by
liquefaction of the foundation soils during an earthquake. Liquefaction could
also result in lateral spreading along Elliott Bay and the Duwamish
Waterway. During an earthquake, the existing viaduct structure, seawall,
utilities, and adjacent buildings may settle, move laterally, tilt (structures), or
collapse due to liquefaction and lateral spreading. The degree to which this
could occur will depend on the foundation soils, the properties of the
structures, and the magnitude and duration of the ground shaking. Surface
fault rupture from an earthquake on the Seattle Fault could also result in
widespread damage to structures in the vicinity of and within the rupture
area. The only benefit to this alternative is that there will be no disruption to
the public for construction planned for the other alternatives.

5.1.1 Scenario 1 - Continued Operation of the Viaduct and Seawall with
Continued Maintenance

This scenario assumes that the viaduct will not collapse during an earthquake.
This scenario is based on the assumption that an earthquake is expected to
occur once in less than a 70-year time period. No geology- and soils-related
operational impacts are anticipated.

5.1.2 Scenario 2 — Sudden Unplanned Loss of the Viaduct and/or Seawall but
Without Major Collapse or Injury

This scenario assumes that the viaduct may be damaged due to an earthquake
or other event. This scenario is based on the assumption that an earthquake is
expected to occur once every 70 to 80 years and would have characteristics
similar to the recent Nisqually (intraslab) earthquake of 2001. During an
earthquake, the existing viaduct structure, seawall, utilities, and adjacent
buildings may settle, move laterally, or tilt (structures) due to liquefaction and
lateral spreading. The degree to which this could occur will depend on the

SR 99: Alaskan Way Viaduct & Seawall Replacement Project March 2004
Geology and Soils Technical Memorandum 38
Draft EIS



foundation soils, the properties of the structures, and the magnitude and
duration of the ground shaking.

5.1.3 Scenario 3 — Catastrophic Failure and Collapse of the Viaduct and/or
Seawall

This scenario assumes that the viaduct and seawall will collapse due to an
earthquake or other event. This scenario is based on the assumption that an
earthquake is expected to occur once every 210 years based on studies
performed by WSDOT for the viaduct structure. During an earthquake,
liquefaction and lateral spreading will cause the viaduct and seawall to
collapse. Surface fault rupture may also occur for earthquakes on the Seattle
Fault. Utilities will likely fail. Surrounding buildings and structures may also
collapse, depending on their foundation elements. Loads from the collapsed
viaduct could result in additional damage to adjacent structures, utilities, and
other underground features. The lateral spreading will result in lateral
movement of soil upland of the seawall. This lateral movement could extend
for several hundreds of feet, causing widespread impacts to the surrounding
area (damage to utilities, roadways, and structures).

5.2 Rebuild Alternative

The Rebuild Alternative includes a combination of retrofitting and rebuilding
the viaduct and rebuilding the seawall. The alignment for the Rebuild
Alternative generally follows the existing SR 99 alignment from south of S.
Holgate Street to north of the BST portal at John Street. Retrofitting and
rebuilding the viaduct will enable the structure to withstand the effects of a
major earthquake. Rebuilding the seawall will mitigate the effects of lateral
spreading of the subsurface soils on the adjacent structure and utilities during
a major seismic event.

The Rebuild Alternative will be designed based on available subsurface
information, design procedures, criteria approved by WSDOT and the City of
Seattle, and existing site conditions. If subsurface conditions at the site are
different from those disclosed during the field explorations, or if site
conditions change during the life of the project, future impacts to the site
could occur.

5.2.1 South - S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

The Rebuild Alternative begins at S. Holgate Street with an at-grade roadway.
SR 519 will extend over the at-grade roadway. The overcrossing will be
supported on CIP concrete piles and/or drilled shafts. MSE wall approach
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fills will also be constructed for the proposed ramps. Ground improvement
will be performed around existing and proposed foundations and for the first
100 feet of each MSE wall approach fill. Ground improvement methods that
may be used include jet grouting, deep soil mixing, and vibro-replacement
(stone columns).

Seismic Considerations

If a seismic event occurs during the life of the project, the stability of elevated
structures and fill embankments could be impacted. The upper loose soil
deposits at the site are susceptible to liquefaction during a seismic event as
discussed in Section 4.4.4. In critical areas beneath abutments and
foundations, ground improvement will be performed, thereby mitigating the
potential liquefaction. However, scattered liquefaction could occur in areas
where ground improvement will not be performed (beneath portions of
approach fills, in roadways, and in areas adjacent to the project). Liquefaction
beneath at-grade pavements could result in cracking and settlement of the
roadway. If liquefaction occurs beneath or alongside foundations, loss of
bearing capacity, settlement, and lateral displacement of the structure and
surrounding ground may occur. If liquefaction occurs beneath fill
embankments, slope instability and excessive settlement could damage the
existing roadway and adjacent facilities.

Erosion and Sediment Transport

Sediment erosion into surface water could occur during the operational life of
the project if stormwater runoff is not controlled. Permanent drainage
facilities for walls, fills, etc., may result in increased water flow to existing
culverts or drainage ditches. Additional sediment load from erosion may
result in buildup in ditches, culverts, swales, and other drainage features. The
eroded sediments could be deposited on adjacent properties, streets, and/or
Elliott Bay.

Groundwater

Groundwater flow through ground that has been improved using jet grouting
or deep soil mixing methods will be less than flow through existing untreated
soils. This ground improvement will create a low permeability zone.
However, since the improved area is localized, the groundwater flow will not
be adversely affected. For ground improvement by stone columns, no
adverse groundwater flow conditions are anticipated.

Fill Embankments

The approach fills for the SR 519 overcrossing will be constructed in areas
where soft ground is known to be present. Ground improvement will be
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performedibeneathutheufilliembankmentsiforutheufirstul0OufeetiofithesM SEuwvally
approachufill.u

Theufilllemmbankmentsiwilligenerallyubeifoundedionuloosertoimediumudensel
fill yestuarine,uorualluvialisoilsu(seeuSectionud.3).wTheseusoilsicouldicontainusofty
siltsiandulooseisandsithatiareususceptibleitoulargeimagnitudesiofisettlement.u
Theugroundiimprovementithatiwillibeiperformedimayunotifullyustrengthenu
theseusoftusoils.winiareasiwhereuprimarilyisandyusoilsiareupresent,isettlementsi
willioccuruessentiallyuasitheuloaduisiapplied.wHowever,iwhereusofticlayeyusoilsu
areupresent,usettlementsicouldioccurimoreuslowly loveriaiperiodiofiseveraly
monthsitoumoreuithanuatyear,idependingionitheiclayiandiorganicicontentuofitheu
soililandutheuthicknessiofitheisofticlayeyusoiluunit.u

Existinguutilitiesithatuareulocateduwithinufillilareasiwillibeisubjecteditouloadingu
andusettlementudueutouthetoverlyingufill.wLongrtermusettlementicouldidamagei
theunewiroadwayupavementianduresultiinuiseparationsibetweenitheliapproachu
filllanduaerialistructurelabutment.wTheusettlementumayualsolextenduoutifromu
theutoelofitheunewifill uresultinguinupotentialisettlementiofiadjacentifacilitiesu
suchuasiexistinguroadways,irailways,ibuildings,landuutilities.uSettlementiofifilly
embankmentsiadjacentitoiburiedifoundationsicouldiresultiinuloadinguofithoseu
foundationsibyuauprocessicalledidowndrag.mwAsitheisoilisettles,ifrictionialongu
theusidelofitheladjacentifoundationiwouldiaddiadditionalidownwarduforcelasi
theifoundationuisidraggedidownubyutheisoil.wForifoundationsithatiareinotu
designediforithisiadditionaliload,idamageucouldioccuritoitheustructuresithatu
arelbeingusupportedibyutheseifoundations.uThisiwillibelaiconcerniforibothutheu
newuviaductifoundationsiandiexistingifoundationsiofisurroundingistructures.u

Theupresencelofisoftisoilsibeneathutheufilliembankmentsicouldualsouresultuiny
lateralimovementiasitheusubsurfaceisoilicompressesiunderithemwveightiofitheu
fill.wLateralimovementinearutheutoelofiaufillicouldiberasimuchuasionethalfiofitheu
estimateduisettlement.wExistinguadjacentuutilitiesiorustructuresicouldubeu
subjectedutoulateraliloadingudueutouthisimovement.u

Instabilityuduringuearthquakeuloadinguimayualsouresultiinufilliembankmenty
failure.wThisitypeuofifailureicouldicauseupotentialidamageutoustructuresioru
pavementsilocatedionuorinearutheifilliembankments,isuchiasibridgesabutments.u

Numeroustexistingiabovergradeiandiundergrounduutilitiesiwillibelimpactedu
byutheuproject.uTemporaryuoripermanentirelocationuofiutilitiesimayubeu
requiredupriorutoiconstructingufillembankments,ifoundations,iorigroundu
improvement.wUndergrounduutilitiesibeneathuandinearufillsumayusettleioru
displaceulaterally,ioriexperienceiverticaliandulateraliloadingudueutoufillu
embankmentiloadingiandisettlementiofisubgradeusoilsibeneathutheufill.u
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Abandoneduutilitiesithatiareinotibackfilledicouldibecomeiconduitsiforivwaterioru
gases,iwhichucouldiimpactiexistinguorifutureufacilities.u

Foundations

Lateraluloadstonutheuaerialuistructurewwillitranslatelintoutheifoundationu
elements,iwhichuwilliresultiinulateraliloadsibeinguapplieditoutheusoil.wlnuareasy
whereutheseifoundationuelementsiareucloseutolexistingustructures,itheseulateraly
loadsicouldibeitransmitteditouexistinguutilities,ifootings,uorupiles,iresultinguiny
damageitouthelexistingustructures.u

Ground Improvement

Liguefactionibeneathithelaerialistructureifoundationsianduportionsiofitheufillu
embankmentsiincludeduinitheiRebuildiAlternativeiwillibeumitigatedubyuthewuseu
ofigroundiimprovementitechniques.ultishouldibeinoted,ihowever ithatu
liguefactionucouldustillioccurioutsideitheigroundiimprovementizone.uwbDuringual
seismiclevent,uliquefiedisoilicouldiundergoulateralispreadinguandiapplyu
externalilateraluloadsionithelimprovediblockiofisoil.ulfitheseufeaturesiinitheu
groundiimprovementiareaiareinotidesigneditolaccommodateitheladditionalu
loadsicausedibyithisyphenomenon,ithenusettlementiorulateralimovementicouldu
occur.uSettlementiandulateralimovementicoulduiresultiinidamageutouutilitiesy
andustructuresiwithinithelimprovediarea.l

Ifigroundiimprovementimethodsiareinotiinstalledicorrectly,itheustructuralu
integrityuoristabilityuofitheustructureicouldibelaffected.uwForiexample,uwhenu
performingudeepusoilimixing,iportionsiofitheisoilimayunotibeladequatelyu
improvediifitheideepusoilimixedicolumnsiareinotidesigneduoriconstructedu
properly.uThisicouldiresultiinupartialuliquefactioniinisomeuareasiandiincreasedu
loadstonutheunewustructureifoundations.u

5.2.2 Central - S. King Street to Battery Street Tunnel

Rebuild and Retrofit

NorthiofiColumbiauStreet,ithetexistinguviaductiwillibeurebuilt.wTheu
foundationstofitheurebuiltiviaductiwilliconsistiofuiClPupilesiand/orudrilledu
shaftsiuntiliaboutiPikeuStreet.uBetweenuPikeuStreetiandiStewartiStreet,itheu
existinguwviaductistructureuwillibeuretrofittediandinewifoundationielementsu
willibesinstalled.wNorthuofiStewartiStreet,ulargerdiameteridrilledishaftu
foundationsiwillibeiuseditoisupportitheuwrebuiltiviaductiinissomeuareas,jandu
retrofittinguofiexistingicolumnsiwillibeuperformeduiniotheriareas.uThelexistingu
viaducturetrofitumayuincludeustrengtheninguofisomeifoundationielementsisuchu
asifootinguoverlays,iextensionsiwithumicropiles,ioriotheruretrofitumeans.u
Micropilesiareismallidiameteru(lessithanul2iinches),udrillediandigroutedupilesu
thatiareucentrallyureinforcediwithusteel.wuGroundiimprovementimayubeu
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performediinisomelareasiaroundiexistingiandiproposedifoundations.uwGroundu
improvementimethodsithatimayubeuuseduincludeljetigrouting,udeepusoily
mixing,landuvibroireplacementi(stoneicolumns).uw

TheuexistinguirampsiatiColumbiauStreetiandiSenecauStreeticouldubeurebuiltiory
retrofitianduwillibeisupportedionuClPuconcreteupilesiand/orudrilledushafts.uTheu
ElliottuAvenuelandiWesterniAvenuelonziandioffiramps,isouthuofitheuBST uwillu
beurebuiltiandisupportedibyudrilledishaftsianduretrofittedispreadifootings.u
MSEuwwalliapproachufillsiwillialsoubeiconstructeduforitheuproposediramps.i
Operationuimpactsiwillibeusimilarutoithoseudiscussediforitheisouthuareau(seeu
Sectionu5.2.1) ualthoughumorelofithelalignmentiisielevateduinuthisuportion. i

Seismic Considerations

Ifiauseismicieventioccursiduringutheulifeiofitheuproject,itheustabilityuofu
structuresiandufilliembankmentsicouldibelimpacted.uwOperationiimpactsiwvilly
beusimilaritoithoseidiscussediforitheisouthuareai(seeiSectionis.2.1).mlniaddition,u
theuexistinguslopesibeneathithewviaductisouthuofitheulBSTumayuexperienceu
surfaceusloughinguoruravelinguthaticouldidepositumaterialiontoidownslopel
areasland/oriremovelsupportifromithelviaductifoundations. i

Erosion and Sediment Transport
Sedimentierosionuintousurfaceiwatericouldioccuriduringitheloperationalulifeuofu
theuprojectiifistormwaterirunoffiisinoticontrolled.mlmpactsiwillibeusimilarutou
thoseudiscussediforitheisouthiareau(seeuSectionus.2.1).wlnuaddition,uslopestinitheu
centraliareaicouldibecomeiunstableibecauselofilongrdurationurainstormsi
couplediwithiinadequateusurfacewwatericontrol.uSoilidepositsiwithinutheuslopeu
couldibecomeusaturated,icausingutheuslopeutouloseustrengthianduslideu
downward.ulmproperudirectioniofirunofficoulduresultiinuinstabilityuofitheu
existinguslopesisouthiofitheuiBST.u

Groundwater
Groundwateriflowithroughugroundithatihasibeeniimprovediusingujetu
grouting,istoneicolumns,iorideepusoilimixingimethodsiwillibeulessithanuflowwu
throughuexistinguuntreatedusoils.ulmpactsiwillibeisimilaritoithoseidiscussedu
foritheisouthuareai(seelSectioni5.2.1).u

Fill Embankments
ThewRebuilduAlternativelinutheucentraliareatincludesiseveralifilliembankmentsu
supportedibyiMSEuwalls.mlmpactsiwillubeisimilaritoithoseidiscusseduforutheu
southuareau(seeuSectionis.2.1).u
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Permanent Retaining Walls

ThewRebuilduAlternativeidoesinotiincludeimajoripermanentiretaininguwallsu
otherithanuitheurebuiltiseawall.uiHowever isomeiwallsimayubeiconstructedufory
supportistructures.uSettlementiandulateralimovementicouldioccurioveritheu
longutermuifithewwalliisinotuproperlyudesignediforutheusoiliandigroundwateru
conditions,learthquakeiloading,iandiappliedisurchargeuloads.uu

Numerousiexistingiaboveigradeiandiundergrounduutilitiesiwillibelimpactedu
byutheuproject.ulmpactsiwillibeisimilaritoithoseudiscussediforitheisouthuareau
(seeuSectionu5.2.1).u

Foundations

LateraluloadinguofidrilledishaftsioriClPuconcreteupilesilocatedinearuexistingu
structuresimayuresultiinulateraluloadinguofibasementiwallsiandifoundations.uw
Lateraluloadsuionutheuaerialistructureiwillitranslatelintoutheifoundationu
elements,iwhichuwilliresultiinulateraliloadsibeinguapplieduitoutheusoil.wlnuareasy
whereitheseifoundationielementsiareicloseutouexistingustructures,itheseulateralu
loadsicouldibeitransmitteditolexistinguibasementiwalls uutilities,ifootings,ioru
piles,iresultinguinidamageutouthelexistingustructures.u

Shallowifootingsimayubelusediforisupportistructuresiinisometareas.uThel
capacitylofishallowuspreadifootingifoundationsidependsionitheisubgradeusoils.iw
Ififootingusubgradesiareinotuproperlyupreparediand/oricontainisoftiorivwet
zones,lexcessiveusettlementiofitherfootingicouldioccurionceuloadinguisiapplied.w
Spreadifootingsithatiareilocatediadjacentitoiexistinguwalls,uutilities,uoriotheru
structuresicoulduresultiinuloadingiandidamageitoutheliadjacentufacilities.u
Typically,ithewverticaliloadioniarfootinguiwillidistributelitselfisuchuthatiatuau
givenidepth uloadifromitherfootingiextendsioutiaidistanceifromitheledgesiofu
theufootinguequalitou50utoul00upercentiofithatidepth.wlfitheladjacentifacilitiesi
areunotudesigneditolaccommodateuthatiadditionaliload,uidamageicouldioccur.u

Ground Improvement
LiquefactionibeneathutheuaerialistructureifoundationsiincludediinitheiRebuildu
Alternativeiwillibeimitigatedibyuthewuselofigroundiimprovementitechniques.u
Impactsiwillibeusimilaritoithoseudiscusseduforitheisouthuareau(seeuSectionus.2.1).u

5.2.3 North Waterfront — Pike Street to Myrtle Edwards Park

Otherithanuthoselalreadyudiscusseduinitheupreviousisection,inolotherustructuresi
areuproposediforithisiarea;itherefore,inougeologymandusoilsirelatediimpactsiareu
anticipated.w
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5.2.4 North — Battery Street Tunnel to Ward Street

No Improvements

ForitheuRebuilduAlternative inolimprovementsiareuplannedinorthuofitheiBST;u
therefore,uinougeologyniandisoilsirelateduiimpactsiarelanticipated.u

5.2.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuild

ForitheiRebuilduAlternative,ithelexistinguiseawalliwillibeurebuiltifromuS.uKingu
StreetitouBayuStreetibyuusinguaicombinationiofidrilledushaftsiandujetugrouting.u

Seismic Considerations

Inisomelareas,itheisedimentsinearitheimudlinelofiElliottuBayuadjacentitoutheu
seawalliareuliquefiable.uwLiquefactioniofitheseisedimentsicoulduresultuinuau
loweriresistancelagainstislidingiforitheurebuiltiseawall.wThisicoulduresultuiny
lateralimovementiofitheiseawalliandidamageutouutilities,ypavements,iandu
structuresilocatedibehinditheiseawall.uThisuisiofuparticulariconcernuinithe
vicinityuofiPieri66,iwhereimaterialihasibeenulooselyuplacediduringutheu
Belltown/DennyiRegradeiprojectiinuthetearlyi20ticenturyu(seeiSectionu4. 3).u

Groundwater

Groundwaterimoundingumayuoccuriinlanduofitheurebuiltiseawalliforutheu
RebuilduAlternative.wGroundwateribuildupimayubeugreaterithanu0.5ufootu
(relativeutouprerconstructionigroundwaterulevels)ialongutheiwaterfronty
betweenuaboutiPikeuStreetianduS.iWashingtonuStreet,iextendinguinlandutou
aboutiFourthiAvenue.uBasedionisubsurfaceiconditionsiandisurfacel
topography ,taimaximumigroundwateribuildupuofiapproximatelyu3uitoudifeety
couldioccurialongitheiwaterfrontiinuthewvicinityiofiMadisonuStreetiandiMarionu
Street.wWithinuthewvicinityuofitheuiseawall upotentialigroundwateribuildupuofi
thisumagnitudewwillibewwithinuthelexistingigroundwaterufluctuationsiresultingu
fromutidestiniElliottiBayuthatihaveibeeniobserveduinishallowimonitoringmwvellsi
alonguthemwvaterfront.uu

Ground Improvement

Theljetugroutinguthatuwillibeuperformediforitheurebuiltiseawalliwillinotifullyu
replaceitheupotentiallyuliquefiableisoilipresentibehinditheuseawall.wlfitheu
rebuiltiseawalliisinotuproperlyudesigneditouretainuliquefiedusoilsiduringuany
earthquake,ulateralispreadingucouldioccur iresultinguinidamageutoufacilitiesu
locatedibehinditheuseawall.uwTheimagnitudewofithisilateralispreadinguwillubeu
lessithanuwhaticoulduoccuriforithesNouBuilduAlternativeu(seeuSectionus.1).u
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Inladdition,ialthoughugroundiimprovementiwillibeuperformed ,uliquefactionu
couldustillioccurioutsideithelimprovedizone.wDuringuauseismicievent,uliquefiedu
soilicoulduwundergoulateralispreadinguandiapplyiexternalulateraluloadsionutheu
improvediblockiofisoilibeneathuthewviaduct,uMSEuwalls,ioriseawall.ulfitheseu
featuresiareinotudesigneditolaccommodateitheladditionaliloadsicausedibyuthisi
phenomenon,ithenusettlementiorulateralimovementicoulduioccur.u

5.3 Aerial Alternative

ThewAerialiAlternativeiwilliincludeureplacementiofithelexistinguiviaductiwithuau
newuaerialistructureialonguthewwvaterfrontithroughidowntown.wThetalignmentu
generallyufollowsithewexistinguiSRi99ualignmentufromuS.iWalkeruStreetuinutheu
southuenditotAuroratAvenuelN.latiProspectiStreetiinitheuinorthuend.wThisu
alternativelalsolincludesiupgradingutheiBSTiandurebuildingutheuAlaskaniWayu
Seawall.wThetAerialuAlternativelincludesiaistackeduaerialistructurelinutheu
southuarea.mAnotherioptioniforianiatigradeustructureusimilaritoitheiRebuildu
Alternativel(seeiSectionus.2)uisialsoubeinguconsiderediforitheisouthuarea.wTheu
AerialiAlternativeiwillibeidesignediandiconstructedutouwithstanditheueffectsuofu
aimajoriearthquake.uwRebuildingutheiseawalliwillimitigateitheleffectsiofulateralu
spreadinguofitheisubsurfaceusoilsionitheladjacentistructuresianduutilitiesu
duringuaimajoruseismicievent. i

ThetAerialuiAlternativewwilluibeidesignedibasedionuavailableisubsurfacel
information,udesignuprocedures,icriterialapprovedibyiWwSDOTuandutheiCityuofu
Seattle,sanduexistingusiteiconditions.ulfisubsurfaceiconditionsiatitheusitesareu
differentufromithoseudisclosediduringutheufieldiexplorations,uoruifisiteu
conditionsichangeuduringutheulifeiofitheuproject,ifuturelimpactsitoitheusiteu
coulduoccur.uw

5.3.1 South - S. Spokane Street to S. King Street

Stacked Aerial

TheuwroadwayiforitheuAerialuAlternativelbeginsiatiaboutuS.uStacyuStreetiwithuany
atigradewroadway.uTheinorthboundiroadwayuwillitransitionitouanuaerialu
structurelatuS.iWalkeriStreet,ilanditheisouthbounduroadwayuwillitransitionutou
antaerialistructurelatiS.uHolgateuStreet.wFilllembankmentsisupportedibyiMSEu
wallsiwillibewusedutoutransitionifromuatigradeutouthelelevatedustructure.wTheu
aerialuistructuresiwillibeisupportedubyuClPuconcreteupilesiand/oridrilledushafts.u
Theuaerialistructuresiwillitransitionifromusideibyiside,isinglerlevelistructuresi
tovaudoubleilevelistructureibetweenuS.uiHolgateuStreetiandiS.uMassachusettsi
Street.wGroundiimprovementiconsistinguofiaicombinationiofideepusoilumixing,u
jetugrouting,land/orivibroireplacementi(stoneicolumns)willibeuperformedu
aroundutheustructureifoundationsianditheuportionsiofithelapproachufillsi
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adjacentitoithelaerialistructuresifromutheibeginninguofithelaerialistructurey
northutouS.uWashingtonuStreet.uu

Seismic Considerations
Ifiauseismicleventioccursiduringutheulifelofitheuproject,itheustabilityuofu
structuresiandufilliembankmentsicouldibelimpacted.uwlmpactsiwillibeusimilarutou
thoseudiscussediforitheiRebuilduAlternativeu(seeiSectionus.2.1) .

Groundwater

Groundwateriflowithroughugroundithatihasibeeniimprovedimayubelimpactedu
dependinguonitheitreatmentimethodiused.wlmpactsiwillibeisimilaritoithoseu
discussediforitheiRebuilduAlternativeu(seeiSectionu5.2.1).uuw

Erosion and Sediment Transport

Sedimentuerosionuintoisurfacemwvatericouldioccuriduringutheloperationalulifeiofu
theuprojectiifistormwaterurunoffiisitnoticontrolled.umlmpactsiwillibeusimilarutou
thoseudiscussediforitheiRebuilduAlternativeu(seeiSectionus.2.1).u

Fill Embankments

TheuAerialiAlternativelincludesiseveralifilliembankmentsisupportedibyiMSEu
walls.uSomeuofitheufillsiwilliextenditoutheightsiofumoreuthanu20ufeetiandumayubeu
constructeduinuareasiwhereusoftigrounduisipresent.uGroundiimprovementiwilly
beuperformedibeneathutheufilliembankmentsiforitheufirstul 00ifeetuofithesMSEu
walliapproachufill.ulmpactsiwillibeisimilaritoithoseidiscussediforitheiRebuildu
Alternativel(seelSectioni5.2.1).u

Utilities
Numeroustexistingiabovergradeiandiundergrounduutilitiesiwillibelimpactedu
byutheuproject.wlmpactsiwillibeisimilaritoithoseidiscussediforuitheiRebuildu
Alternativeu(seeuSectionus.2.1).u

Foundations

ImpactsiforiClPupilesiandudrilledishaftsiwillibeisimilaritoithoseudiscussediforu
theuiRebuilduAlternativeu(seelSectioni5.2.1).u

Ground Improvement

Liguefactionibeneathithelaerialistructureifoundationsianduportionsiofitheufillu
embankmentsiincludeduinuthetAerialuAlternativeiwillibesmitigatedibyuthewuseu
ofigroundiimprovementitechniques.ulmpactsiwillibeisimilaritoithoseu
discussediforitheiRebuilduAlternativeu(seelSectionus.2.1).u
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Option: SR 99 At-Grade with SR 519 Elevated Ramps

ThisloptionuisisimilarutoiwhatuisibeinguproposediforitheiRebuilduAlternative.u
ImpactsiwouldibeisimilaritoithoseudiscussediforitheiRebuildiAlternativeuiny
Sectioni5.2.1.u

5.3.2 Central - S. King Street to Battery Street Tunnel

Stacked Side-by-Side Aerial

StartinguatiaboutiS.uAtlanticiStreetiandiendinguatitheuBST ulargerdiameteru
drilledushaftsiwillulikelyubelusedutousupportithelaerialistructure.wGroundu
improvementiwillibeiperformediaroundieachupileibentisouthuofuS.iWashingtonu
Street.wNewielevatediramps,isupportedibyudrilledishaftifoundationsianduwvithi
MSEwalliapproachufills,uwillibeiconstructeditouS.uIRoyaliBroughamiWayuanduS.u
AtlanticiStreet.u

Operationuimpactsiwillibeurelateditouseismiciconsiderations,ierosioniandu
sedimentitransport,ugroundwater,ifilllembankments,uutilities,ifoundations,u
anduretaininguwalls.wTheselimpactsiwillibeisimilaritoithoseudiscussediforuthel
RebuilduAlternativeuinuthisiareau(seeuSectionus.2.2).u

Groundiimprovementiwillibeuperformediaroundieachubentiofitheinewuaerialu
structureisouthuofiS.iWashingtonuStreetuiandialonguportionsiofithelapproachu
fills.wlmpactsiforithetAerialiAlternativeiwillibeisimilaritoithosetoutlineduforu
theuRebuilduAlternativeu(seeuSectionus.2.2).uw

5.3.3 North Waterfront — Pike Street to Myrtle Edwards Park

ThewAerialiAlternativelincludesitheiBroaduStreetiDetour,iusinguBroaduStreety
anduAlaskaniWayuasiaidetouriduringuconstruction.mwAnotherioption,itheu
BatteryuStreetuFlyoveriDetour,iwouldiconstructiaifourilane,itemporaryubridgeu
thatiwoulduparallelithelexistinguviaduct.uSinceitheseudetoursiwouldionlyubeuiny
operationuduringuconstructioniofitheiviaductiproject,uinotoveralliprojectu
operationiimpactsiarelanticipated.wConstructioniimpactsiareupresenteduiny
Chapteru6u(Sectionu6.3.3).u

5.3.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

TheuAerialiAlternativelincludesiaifire/lifeisafetywupgradeitoitheiBST.wTheu
upgradeitoitheilBSTuwilliincludelextensioniofibothuportalsiandiconstructionuofi
severaliemergencyuegresses,ifanienclosures,jandiventistructures.u

Shallowifoundationsimayubesuseditoisupportitheustructuresiassociateduwvithu
upgradingutheiBST.wlmpactsiforishallowifoundationsiwillibeusimilarutosthoseu
discussediforitheiRebuilduAlternativel(seelSectionus.2.2).u
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Widened Mercer Underpass

ThewAerialiAlternativelincludesireestablishinguauportionuofitheusurfaceustreety
griduinithesSouthuLakeiUnionuareainorthuofitheiBST.wAtThomasiStreet,iau
singlerspanuoverpassistructureiwillibeiconstructeditolextendioveriSRu99.uTheu
bridgemwillibeisupportedionifilliembankmentsiatitheiabutments,iwhichuwillubeu
retainedibyuMSEuiwalls.wlniaddition,ithelexistinguboatisectionualonguMercert
Streetiwillibeiwideneditolaccommodateladditionalutraffic.uwAuboatisectionuisiany
openicut,idepresseduportioniofiroadwayuthatuisisealedifromitheigroundwateru
table.wThemwvidenediroadwayuwillirequiresaniexcavationuthatiwillubey
supportedibyuisecantipilemwalls.winiaddition ithetexistingidepressediBroadu
StreetiroadwayuwillibeubackfilledibetweeniFifthuAvenueiN.iandiEighthu
AvenuelN.itoureestablishiadditionalisurfaceustreeticonnections.u

ThewwidenediboatisectionialonguiMerceriStreetiandiconstructionuofisecantupileu
wallsicouldicauselimpactsisuchuasisettlementiand/orulateralimovementsuofi
adjacentiexistingustructuresioveritheishortiandulonguterm.uwProperudesignuiofitheu
wallsiand/oruiunderpinninguofithelexistingustructuresimayubeurequiredutou
mitigateitheselimpacts.u

Nouoperationuimpactsirelatedutoutheufilliembankmentsiareianticipated.uBasedu
onitheugeologiciinformation,itheufilliembankmentsiwilluibeiunderlainibyudenseu
glacialidepositsiatishallowudepths.uwAlthoughunotianticipated uifiareasiofisoftu
soiliaretlencountered,simpactsiwillibeisimilaritoithoseudiscusseduforufilly
embankmentsuinitheisouthianducentraliareasi(Sectionsi5.3.1iandi5.3.2).u

Aulargelamountiofifilliwillibeuplacediandicompacteduintoutheucurrenti
depressediroadwayualonguBroaduStreet.wUselofiunsuitableufillimaterialsu(suchi
asithoseicontainingudebrisianduiorganics),ifilluplacementiinuiweticonditions,i
and/oriimproperifilliplacementiandicompactionimethodsicoulduresultuin
excessivelsettlementiofitheusurfacelofitheufillioveritime.wNewiroadwaysithaty
willireconnectitheusurfaceustreetsiwillialsousettlelasitheufilluisettles,uresultinguinu
crackedipavementsiandiotheritdamage.u

Shallowifoundationsimayubewusediforisupportiofinewibridges.ulmpactsiforu
shallowifoundationsiwillibeusimilaritoithoseudiscussediforitheiRebuildy
Alternativel(seeuSectionus.2.2).u

Option: Lowered Aurora/SR 99

AnioptionuofithetAerialiAlternativelincludesireestablishingitheusurfaceustreetu
gridibyuloweringutheiroadwayugradetintolatboatisectionifromutheinorthuenduofu
theuBSTutolaboutiProspectiStreet.uFiveinewibridgeloverpassistructuresivwouldy
beuconstructedutoureconnectitheusurfaceustreetsiatiMerceriStreet,i ThomasiStreet, i
HarrisonuStreet,uRepublicaniStreet,ujandiRoyuStreet.wlniaddition,ithelexistingu
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depressediBroaduStreetiroadwayuwouldibeubackfilledubetweenuFifthiAvenueu
N.tlandiEighthiAvenueiN.u

Thisioptionuincludesipermanentiretainingiwallsiforitheiboatisectionunorthuofu
theiBST.ulnuaddition,iwallsimayubeiconstructediforitheinewisupportibuildings.u
Settlementiandulateralimovementicouldioccurioverithellongitermuifithemwallsy
areunotuproperlyudesignediforitheusoiliandugroundwatericonditionsiandu
appliedusurchargeuloads.uw

Theudepthuofitheuwallsishouldubeuproperlyudesignedisouithatienoughupassivel
resistanceiwouldibelobtainedibelowitheibaselofitheiwallitouresistitheulateralu
earthupressuresiandigroundwateriforcesibehinditheiwall.wAlternatively,itheu
uselofitiebacksioriinternalibracingucouldiprovideladditionalulateraluresistance,
andiwallidepthsicouldiberdecreased.uSurchargeiloadingudueitoladjacentu
structuresioriroadwaysishouldualsoubeuconsidereduinithemwallidesign,ioru
adverselsettlementsiandulateralimovementsicouldioccur.uThisigroundu
movementicouldicauseidamageutouutilities,ypavements,iandistructuresilocatedu
behindithewwall.wlniaddition,ulateralimovementiofithemwallimayucauseucracksi
touformuthatiwoulduiallowiforimigrationuofisoiliandiwaterithroughutheuvvall.w
Thisiwoulduresultiinudepositionuofisoiliandiwateriontoutheuroadway. i

SomelareasiofitheiboatisectionunorthiofitheilBS Tumayuextenduibelowutheu
groundwaterutable.wThisiwoulduresultiinuupliftupressuresi(dueitolbuoyancy)u
onutheibaselofitheustructures.ulfithesdownwardiforcesiofitheustructure’siweightu
and/orithewuplifturesistancelofitheustructureifoundationsidoinotiadequatelyu
resistithesewupliftupressures,icracksicouldidevelopuandicreateipathwaysifori
groundwateruleakage.uGroundwatericouldialsouleakiintoustructuresithroughi
theyjointsioficoncreteupoursiunlessimitigatedibyuspecificidesigniandu
constructionutechniques.u

ThisioptionualsouincludesifillingiBroadiStreet.ulmpactsiwouldibeitheisameuast
thoseudiscussediinutheupreviousisection.u

Shallowifoundationsimayubeiusediforisupportibuildings.mlmpactsiforishallowu
foundationsiwouldibeusimilaritouthoseudiscussediforitheiRebuilduAlternativel
(seeuSectioni5.2.2).u

5.3.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuilt Seawall

ForutheuAerialiAlternative,ithelexistinguseawalliwillibeurebuiltifromuS.uKingu
StreetitouBayuStreetibyuusinguaicombinationuofidrilledushaftsiandujetigrouting.u
OperationuimpactsiwillibessimilaritouthoseudiscussediforitheilRebuildu
Alternativeu(seeiSectionus.2.5).u
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Option: Seawall Frame

TheutemporaryubridgeibeinguconsidereduinithetAerialiAlternativeiwouldubeu
locatedudirectlyiaboveitheiseawalliinisomeuareas.wAiframeuseawallisystemuisi
alsoubeinguiconsideredutourebuilditheiseawall.wThisiprovidesiaisuitablel
foundationisupportiforitheitemporaryibridgeioption.uThelexistinguseawallu
wouldibeureplacedifromuS.uIKinguStreetitoiBayuStreetibyuconstructinguaisecantu
pileiwalliplacediimmediatelyibehinditheloriginaliseawalliandiconnectinguitutou
largerdiameteridrilledishaftsiandiaiClPuTibeamuideckitouformuarframelsystem.uw

Sinceugroundiimprovementiwouldinotibeiperformedibehindithemwall i\damagel
touexistinguutilitiesilandustructuresicouldioccuriduertouliquefaction.uWhileutheu
seawalliwouldunotulikelyufailibecauselofitheinewiframeustructureiuseduinutheu
rebuild,usettlementidueitouliquefactionicouldioccuriandidamageladjacentu
facilities.ulnuiaddition,uliquefactionucouldiresultiiniadditionalidownwarduloadsi
beinguapplieditoinewuanduexistingifoundationielements.uw

Settlementiandulateralimovementicouldioccurioveritheulonguitermuifitheiseawallu
frameustructuretisinotuproperlyudesigneduforithessoiliandigroundwateru
conditionsiandiappliedisurchargeuloads.uTheudepthiofithemwallishouldubeu
properlyidesignedisouthatienoughupassivelresistanceiwouldibelobtainedibelowu
thewbaselofitheuwallitouresistitheulateraliearthupressuresiandigroundwater
forcesibehindithemwall.uSurchargeuloadingudueitoladjacentistructuresioru
roadwaysishouldualsoibeiconsidereduinitheiwallidesign,ioriadverseusettlementsi
andulateralimovementsicouldioccur.uThisigroundimovementicoulduicausel
damageutouutilities,upavements,iandistructuresilocatedibehinduthemwvall.uwlnu
addition,ulateralimovementiofitheiwallimayucauseicracksitoiformuthatiwouldy
allowiforumigrationuofisoiliandiwaterithroughuthemwall.wThisimovementicouldu
resultiinisedimentutransferiintouElliottuBayiandieventualierosionuofisoilufromu
behindutheuwall.w

Groundwaterimoundingiwouldioccurtinlandialongutheisecantipileivwall.u
Estimatesiofigroundwateribuildupiandiimpactsiwoulduibeusimilarutoithoseu
describeduforitheiRebuilduAlternative.u

5.4 Tunnel Alternative

TheuTunneliAlternativeiwilliincludesaiccombinationuofiaerialistructuresiandu
cutrandicoveritunnelsitoureplaceuthelexistinguiviaductifromuaboutiS.uHanfordu
StreetitouMerceriStreet,unorthuofitheiBST.wTheualignmentigenerallyufollowsitheu
existinguSRu9%ualignment.uThisialternativelalsolincludesiupgradingutheuBSTu
andurebuildinguithelAlaskaniWayuSeawall.uwAnotherioptioniforianuatigradeu
structureisimilaritoitheiRebuildianduAerialiAlternativesiisialsoubeingu
considereduforitheisouthuarea.u
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TheiTunneliAlternativeiwillibeudesignediandiconstructeditomvithstanditheu
effectsiofiaumajoriearthquake.uwRebuildingitheiseawalliwillimitigateutheieffectsu
ofulateralispreadinguofitheisubsurfaceisoilsionithelexistingiadjacentistructurel
anduutilitiesiduringuaimajoriseismicievent.u

TheiTunneliAlternativeiwillibeidesignedibasedioniavailableisubsurfacel
information,idesignuprocedures,icriterialapprovedibyiWwSDOTuiandutheuCityuofu
Seattle yanduexistingusiteiconditions.ulfisubsurfaceiconditionsiatitheusitesareu
differentufromuthoseudisclosediduringutheufieldiexplorations,uoruifusitel
conditionsichangeuduringutheulifelofitheuproject,ifuturelimpactsitoitheusiteu
coulduoccur.uw

5.4.1 South - S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

ThisualternativevisisimilaritoiwhatuisibeinguproposediforitheiRebuildu
Alternative.wlmpactsiwillibeisimilaritoithoseudiscusseduiniSectionu5.2.1.u

Option: Side-by-Side Aerial
TheuwroadwayuforithisioptioniwouldibeginuatigradeufromuS.uHanforduStreetutouS.u
HolgateuStreet.wFromuthisulocation,itheiroadwayiwoulditransitionitouausinglex
leveliaerialustructureitoucrossioveritheilBNSFiSeattleilnternationaliGatewayu
(SIG)IRailuYard,uS.1AtlanticiStreet,uanduS.uRoyaliBroughamuWay.uwAufilly
embankmentisupportedibyiMSEmwallsiwouldibeiuseditoutransitionufromutheu
atrgradewroadwayutouthesaerialistructure.wDrilledishaftsiwouldisupportithel
aerialuistructures.uGroundiimprovementiconsistinguofiaicombinationuofideepu
soilumixing,ijetigrouting,uand/orivibroireplacementi(stoneicolumns)ivwouldubeu
performediarounduithelaerialistructureifoundationsianditheuportionsiofitheu
approachufillladjacentitoitheuaerialistructurelabutment.wRampsiwouldiextendu
touS.uiHolgateuStreet,iS.uAtlanticiStreet,iS.iRoyaluiBroughamiWay landiAlaskanu
Way ilandiwouldibeisupportedibyudrilledishaftsiwithuMSEmvalliapproachufills.uw

ImpactsiforuthisialternativeiwouldibeusimilaritoithoseudiscussediforitheiAerialu
Alternativelinuthisiareau(seeuSectionu5.3.1).u

5.4.2 Central - S. King Street to Battery Street Tunnel

Side-by-Side Tunnel and Side-by-Side Aerial

NorthuofiS.iIRoyaliBroughamiWay ,itheuaerialistructureutransitionsibackutouaufillu
embankmentiwithuMSEuwallsiatieachuside.wGroundiimprovementiwillubeu
performediforitheufirstilOOufeetiofithelapproachifillsiadjacentitoutheuaerialu
structure.wAtiaboutiS.uDearbornuStreeti(adjacentitouSafecouField),itheiroadwayu
descendsuintolauboatuisectionuwithuitsisidesisupportedibyudiaphragmuwalls.wAu
diaphragmuwvalliisiconstructeduusingudrilledushaftsi(secantioritangent)iand/oru
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slurryiwallitechniquesitorformuaicontinuousireinforcediconcreteiwalluthat
providesilateralisupportiandiservesiasianiimpermeableibarrier.uTheiboatu
sectionuwillicontinuertolaboutiS.iKinguStreetiwhereuititransitionsuintovaisiderbyt
side,icutrandicoveritunnel.wAwrampufromuS.iKinguStreetiwilliextendudownutheu
centeriofitheiboatisectionionianiMSE1wallisupportedifilliembankment.uw

TheucutrandicoveritunneliwilliextendifromuS.iKinguStreetitolaboutiPikeuStreet.u
Diaphragmuwallsiwillibeiuseditoisupportitheusidesiofitheitunnel.wFromuS.u
KinguStreetitolaboutiYesleriWay ,itheitunneliwillishiftialignmentiuntilimeetingu
theuwexistinguseawallinorthuofuYesleriwWay.uFromuYesleriWayutolaboutiPikeu
Street,itheinewicutiandicoveritunneliwilliserveiasitheireplacementuforutheu
seawall.uBetweeniS.iWashingtonuStreetianduY esleriwWay itheiwestiwalliforitheu
cutrandicoveritunneliwilliextendibeyondithelexistingiseawalliintolElliottuBay.u
Sinceutheleastihalfiofitheicutzandicoveritunneliwillibeulocatedialongutheu
existingiviaductialignment,itheitunneliwillibeiconstructeduinitwouphasesisou
thatitrafficithroughuthelareaicouldibeimaintained.uVentistructuresiwillibeu
constructeduinuthewvicinityuofiS.uKinguStreet,iYesleriWay,iSpringuStreet,iandu
northuofiUnionuStreet.wNouaccessirampsiwillibeuprovidediinuthisiarea.u

BetweeniPikeuStreetianditheuBST utheucutiandicoveriroadwayutransitionsitouau
boatusection,ithenitolaniMSE1wallisupportedifillilembankment,ilandithenutoiany
aerialuistructureiconnectingutoutheiBST.uTheutransitionithroughitheuboatisectionu
willirequirelauverticalicutiintoutheiexistinguhillsideibelowitheiviaduct.uThisicutu
willuibeisupportedibyiairetaininguwalliwithitiebacksiextendinguunderuthel
existingiviaduct.wAnuonirampuandioffiramputoitheiroadwayuwilliextendu
throughucutrandicoveritunnelsifromiUniversityiStreetinorthuuntilitheyuascendu
throughuboatisectionsitoiconnectiwithuAlaskaniWay.ulLargerdiameterudrilledu
shaftsiwillisupportithelaerialistructureisouthuofitheuBST.u

Operationuimpactsiforithelaerialuportionuofitheustructuresinuthisiareaianduforu
seismiciconsiderationsiandisedimentitransportiwillibeusimilaritoithoseu
discussediforithesAerialiAlternativei(seeuSectionus.3.2).u

Portionsiofitheicutiandicoveritunnelsiandiboatisectionsiwilliextendubelowitheu
groundwaterutablelanduintouElliottuBay.wThisiwilluresultiinuupliftupressuresy
(dueutoutbuoyancy)ionitheubaseuofitheustructures.ulfitheidownwarduforcesiofitheu
structure’siweightiand/orithelupliftiresistancelofitheistructureifoundationsidou
notiadequatelyuresistitheselupliftipressures,icracksicouldidevelopuandicreateu
pathwaysiforigroundwateruleakage.uGroundwatericouldualsouleakuintou
structuresithroughuthejointsioficoncreteipoursiunlessimitigatedibyuspecificu
designuandiconstructionitechniques.u

Groundwaterimoundinguwillioccuriinlandialongitheuboatisectionsiandicutz
andicoveritunnels.uEstimatesiofigroundwateribuildupiandiimpactsiwillibel
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similaritoithoseudiscussediforitheiseawalliinutheiRebuilduAlternativeu(seeu
Sectionu5.2.5).

TheiTunneliAlternativelincludesipermanentiretainingiwallsiforitheicutrandr
coveritunnels,iboatisections,landuventilationustructures.uSettlementiandulateralu
movementicouldioccurioverithellongutermuifithemvallsiareinotuproperlyu
designediforutheusoiliandigroundwatericonditionsiandiappliedisurchargei
loads.ulfitheicutrandicoveritunnelsiand/oruithewventilationustructuresiareu
locatediadjacentutolexistingufacilities,isettlementiandulateralimovementuofitheu
existingiadjacentufacilitiesicouldioccur.uTheunewistructuresimustibeuproperlyu
designeditoulimititheseimovementsiand/oritheladjacentiexistingufacilitiesicouldu
beliunderpinneditouimitigateithelimpacts.uwlmpactsiforuretaininguwallsiwil libeu
similaritoithoseudiscussediforithetAerialiAlternativeu(seeiSectioni5.3.2).u

5.4.3 North Waterfront — Pike Street to Myrtle Edwards Park

TheiTunneliAlternativelincludesitheiuselofitheiBroaduStreetuDetouriduringu
construction.wAnotherioption,itheiBatteryuStreetiFlyoveriDetour,ivwouldu
constructiaifourilane,itemporaryibridgeithatiwoulduparallelitheiexistingu
viaduct.uSinceutheseudetoursiwouldionlyubesinioperationiduringuconstructioni
ofithewviaductuproject,inoloperationiimpactsiareianticipated.wConstructionu
impactsiforitheseustructuresiareupresentediiniSectionu6.3.3.u

5.4.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

TheuiTunneliAlternativelincludesiaufire/lifeisafetyiupgradeutoitheiBST.wTheu
upgradeutoutheiBSTuwilliincludelextensionuofibothuportalsiandiconstructionuofu
severaliemergencyuegresses,ifanienclosures,landiventistructures.uwOperationy
impactsiwillibeuisimilaritoithoseidiscussediforithetAerialiAlternativeu(seeu
Sectioni5.3.4).u

Widened Mercer Underpass

TheiTunneliAlternativelincludesireestablishinguauportionuofitheusurfaceustreetu
griduinithesSouthuLakeiUnionuareainorthuofitheiBST.wAtThomasiStreet,iau
singlerspanuoverpassistructureiwillibeiconstructeditolextendioveriSRi99.uTheu
bridgeuwillibeisupportedionufilliembankmentsiatitheiabutments,iwhichuwillubeu
retainedibyuMSEuwalls.wlniaddition,ithelexistinguboatisectionualonguMercert
Streetiwillibeiwideneditolaccommodateladditionalutraffic.wTheiwidenedu
roadwayuwillirequirelaniexcavationuthatiwillibeisupportedibyusecantupileu
walls.ulnuiaddition,ithelexistingudepressediBroadiStreetiroadwayuwillubel
backfilledibetweenuFifthuAvenueiN.landiEighthuAvenueiN.itoureestablishi
additionalusurfaceustreeticonnections.uwOperationiimpactsiwillubeitheisameuasy
thoseudiscussediforithetAerialuAlternativeu(seeuSectionus.3.4).u
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5.4.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuild

ForitheiTunneliAlternative,ithelexistinguseawalliwillibeurebuilt.wTheuseawallu
willibeureplacedubyutheucutiandicoveritunnelsibetweenuS.iWashingtonuStreetu
anduPikeuStreet.uTheiremainderiofitheiseawallitoutheunorthiwillibeireplacedibyu
usinguaicombinationuofidrilledushaftsiandijetuigrouting.wTheuPieri48ubulkheadu
seawalliwillibeureplacediusingiaicombinationiofidrilledishaftsiandujetigrouting.u
Operationuimpactsiforitheulatterisectioniwillibeisimilarutoithoseudiscusseduforu
theuRebuilduAlternativeu(seeiSectionu5.2.5).u

5.5 Bypass Tunnel Alternative

TheuBypassiTunneliAlternativeiwilliincorporateimoreuofitheisurfaceustreetsy
thanitheupreviousialternatives,ibutiwillialsolincludeiaerialistructures,iboatu
sections,landicutrandicoveritunnelsiiniseveraliareas.uThelalignmentigenerallyu
followsitheiexistingiSRu99ualignmentiandiextendsifromuaboutiS.uHanfordu
StreetuitouValleyuStreet.wThisialternativelalsolincludesiupgradingutheiBSTuiandu
rebuildingitheiAlaskaniWayuSeawall.u

TheuBypassiTunneliAlternativeiwillibeidesignediandiconstructeditouwithstandu
theuweffectsiofiaumajoriearthquake.wRebuildingutheiseawalliwillimitigateutheu
effectsiofulateralispreadinguofitheisubsurfaceusoilsiinithetexistingiadjacentu
structuresianduutilitiesiduringuaimajoruseismicievent.uw

TheuBypassiTunneliAlternativeiwillibeidesignedibasedioniavailableisubsurfacel
information,udesignuprocedures,icriterialapprovedibyiWwSDO TianditheuCityuofu
Seattle yanduexistingusiteiconditions.ulfisubsurfaceiconditionsiatitheusiteuareu
differentufromuthoseudisclosediduringutheufieldiexplorations,uoruifusiteu
conditionsichangeuduringutheulifeiofitheuproject,ifuturelimpactsitoitheusiteu
coulduoccur.um

5.5.1 South - S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

TheumainuroadwayuforitheiBypassiTunneliAlternativewwillibeginuatigradeuifromi
S.HanforduStreetutoljustinorthuofiS.iRoyaliBroughamiWay.uwSeveralirampsi
alonguthisisectioniwilliexitifromitheimainuroadwayuoveruaifilliembankmentu
transitioningutolanuaerialistructure.wTheseirampsiextendiapproximatelyu
parallelitoithelexistinguroadwayufromiaboutiS.uMassachusettsiStreetitounorthuofu
S.IRoyaliBroughamuWay.uTheufilliembankmentsionieitherusideuofitheuirampsi
areusupportediwithuMSEuwalls.uTheuaerialistructurelextendsifromiaboutuS.u
AtlanticiStreetitouS.uIRoyaliBroughamiWayuanduiwillibeisupportedibyularge:
diameterudrilledishafts.uGroundiimprovementiwillibeuperformeduiarounduitheu
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drilledishaftifoundationsiandiforutheufirsti100ufeetiofieachuM SEuwalliapproachu
fill. wOverpassistructuresisupportedionudrilledishaftifoundationsiwilluialsoubey
constructeduatiS.uAtlanticiStreetianduS.uIRoyaliBroughamiWay.uThesabutmentsy
ofitheseuoverpassistructuresiwilliconsistiofiMSEIwallisupportedufillu
embankments.uTouthemwestiofitheiroadway ,itheseioverpassistructuresiwilly
connectitolauroadwayithatiallowsiforuferryutrafficigoingutoiColmaniDock.uThisu
atigradeusectionuisisimilaritoimwhatiisibeinguproposeduiforitheilRebuildu
Alternative.wlmpactsiwillibeisimilaritoithoseidiscusseduiniSectionu5.2.1.u

ForuthewwateritreatmentufacilityunorthuofiS.iRoyaliBroughamiWayualonguFirstu
AvenuelsS. uliquefactioniofitheusoilsiadjacentitoitheutreatmentufacilityucouldu
occur.uThisicouldiaffectitheulateralistabilityiofithesundergroundifacilityuduringu
anearthquakeianduresultiinicrackinguofitheuretaininguwallsiandisubsequentu
leakagelofiwater.wHigheruporewaterupressuresiinitheusoilimayualsolincreaseutheu
upliftiforcesionutheustructure,iresultinguinuhigheruloadsionitheifoundationsi
underutheubaseuslab.uThisicouldiresultiinuheavelandidamageuofitheu
undergroundustructure.wTheufacilityuwillibeisupportedibyudrilledishaftsioriCIlPu
concreteupilesitouresistuiupliftupressuresionitheibaseiofitheiundergroundufacility.u
Impactsiforiinstallationuofitheseifoundationsiwillibeusimilaritouthoseudiscussedu
foritheiRebuildiAlternativeu(seeiSectioni5.2.1).u

5.5.2 Central - S. King Street to Battery Street Tunnel

Side-by-Side Tunnel and Side-by-Side Aerial

NorthiofiS.uIRoyaliBroughamiWay ,itheimainuiroadwayiwillidescenduintouaiboatu
sectionutoljustisouthuofiS.uKinguStreet.wFromuthisipointion,itheiroadwayiwillibeu
inauicutrandicoveritunnelisimilaritoutheiTunneliAlternativeu(seeuSectionus.4.2)..u
TheucutrandicoveritunneliwilliextendutoyjustinorthuiofiUnionuStreet.u
Diaphragmuwallsiwillibetuseditoisupportitheusidesiofithertunnel.wFromuS.i
KinguStreetitolaboutiYesleriWay itheitunneliwillishiftialignmentiuntiliitimeetsu
theutexistinguseawallinorthuofuY esleriwWay.uwFromuY esleriWayutoujustinorthuofi
UnionuStreet,itheinewucutiandicoveritunneliwilliserveuasithewreplacementiforu
theuseawall.uBetweenuS.uiMainuStreetianduY esleriwWay ithewwestiwalliforitheicut:
andrcoveritunneliwilliextendibeyonduithelexistingiseawalliintouElliottuBay.wTheu
cutrandicoveritunneliforitheiBypassiTunneliAlternativeidoesinoticontainuast
manyitravelilanesiasitheiTunneliAlternativelandithereforemwillibeulocatedu
completelyuwestiofitheuexistingiviaduct.uwVentistructuresiwillibeuconstructeduiny
thewvicinityuofiS.wWacksoniStreet,uCherryuStreet,uinorthuofiSpringuStreet,uandu
northuofiUnionuStreet.uNouaccessirampsiwillibeiprovideduinitheicutrandicoveru
tunneliarea.u

NorthiofiUnionuStreet,itheiroadwayuwilliremainuiniaicutzandicoveritunneli
untiljjustinorthuofiPikeuStreet,iwhereuitiwillitransitionutolaiboatisectioniandu
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thenuanuaerialuisectioniextendinguaboveithelexistingiBNSFurailroadutracksiandu
connectingutoutheuBST.wTheutransitionithroughuthetboatisectionuwillirequireuau
verticalicutiintoutheuexistinguhillsideibelowithewviaduct.wThisicutuwillubeu
supportedibyuauretainingiwalliwithitiebacksiextendinguunderithelexistingu
viaduct.wLargerdiameterudrilledushaftsiwillisupportithelaerialistructureisouthu
ofitheuBST.wAnuexistinguretainingiwalliadjacentitoitheulBNSFurailroaditracksu
willibeurelocatedufartheribackuintoutheuslopeibelowithewviaductitouprovideu
accessiforutheiaerialistructure.wThetaerialistructureiwillibeisupportedibyu
drilledishafts.uVentubuildingsiwillibeiconstructeduinuthewvicinitywofiVirginiau
StreetuanduBelluStreet.u

Operationuimpactsiforitheuiaerialuportioniofitheustructuresinuthisiareaiandiforu
seismiciconsiderationsiandierosioniandisedimenticontroluiwillibeisimilarutou
thoseldiscussediforithetAerialiAlternativei(seeuSectiont5.3.2).wOperationi
impactsiforitheiboatisections,itunnelisections,iandiventilationustructuresiwilli
beusimilaritoithoseupresentediforitheiTunneliAlternativeu(seeiSectioni5.4.2).u

Portionsiofitheicutrandicoveritunnelsiandiboatisectionsiwilliextenduibelowutheu
groundwateritablelandiintouElliottiBay.wThisiwilluresultiinuupliftupressureu(duel
touibuoyancyuonitheubaselofitheustructures).ulfitheidownwarduforcesiofitheu
structure’siweightiand/orutheiuplifturesistancelofitheustructureifoundationsidou
notiadequatelyuresistithesewupliftipressures,icracksicouldidevelopuiandicreateu
pathwaysiforigroundwaterileakage.uuGroundwatericouldialsouleakuintou
structuresithroughutheujointsioficoncreteupoursiunlessimitigatedubyuspecificu
designuandiconstructionutechniques.u

Groundwaterumoundinguwillioccuriinlandialongutheiboatisectionsiandicutz
andiIcoveritunnels.uwEstimatesiofigroundwateribuildupiandiimpactsiwillubeu
similaritoithoseudiscussediforitheiseawalliinitheilRebuilduAlternativeu(seeu
Sectionu5.2.5).u

AnuaerialistructureuwillibeulocatediaboveuitheilBNSFurailroadutracksisouthuofitheu
BST.uwlfithelaerialistructureiandisurroundingugroundiisinotidesignediproperly,i
thenutheutracksicouldusettle.wThisicoulduresultiiniinterruptionuofirailiserviceufory
auperioduofutime.uu

5.5.3 North Waterfront — Pike Street to Myrtle Edwards Park

TheuBypassiTunneliAlternativelincludesiuseuofitheiBroadiStreetiDetouriduringu
construction.wAnotherioption,itheiBatteryuStreetuiFlyoveriDetour,iwouldy
constructiaifourilane,itemporaryibridgeithatiwoulduparallelitheiexistingu
viaduct.uSinceutheseidetoursiwouldionlyubesinioperationiduringuconstructioni
ofithewviaductuproject,unoioperationiimpactsiareianticipated.wConstructiony
impactsirelatedutouthisuibridgelareupresentediiniChapteru6.u
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5.5.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

TheuBypassiTunneliAlternativelincludesiaufire/lifeisafetyiupgradeutoitheiBST.u
ThewpgradeutoitheiBSTuiwilliincludewextensionuofibothuportalsiandu
constructionuofiseveraliemergencyuegresses,ifanienclosures,jandiventy
structures.uOperationuimpactsiwillibeusimilaritoithoseudiscussediforithetAerialu
Alternativel(seelSectioni5.3.4).u

Widened Mercer Underpass

TheuBypassiTunneliAlternativelincludesireestablishingiaiportionuofitheusurfaceu
streetuigriduinutheuSouthuLaketUnionuareainorthuofitheuiBST.uTheuproposedu
improvementuisitheisamelasitheiTunneliAlternative;itherefore,ioperationu
impactsiwillialsoubeutheisamelu(seeuSectionus.4.4).u

5.5.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuild

Asiwithuthelotherialternatives,itheiBypassiTunneliAlternativelincludesi
replacementiofiportionsiofitheiseawall.uTheuseawalliwillibeureplacedibyutheu
cutrandicoveritunnelsibetweeniS.iWashingtoniStreetianduUnionuStreet.wTheu
remainderiofitheiseawallitoutheisouthuiandunorthuwillibesreplacedubyuusinguau
combinationuofidrilleduishaftsiandujetuigroutingusimilarutoitheiTunnely
Alternativel(seeiSectionus.4.5).mOperationiimpactsiwil libestheisameuasithosel
presentediforitheiTunneliAlternativeu(seeuSectionus.4.5).u

5.6 Surface Alternative

TheuSurfacelAlternativeiwilliconsistiofiprimarilyiatigradeiroadwaysisouthuofi
theuBST.uNumerousirailroadufacilitiesiwillirequireurelocationiforiconstructionu
ofithisialternative.wTheuSurfacelAlternativeiwillialsolincludelaerialistructures,y
boatisections,landicutrandicoveritunnelsiinisomelareas.uThelalignmentu
generallyifollowsithelexistingiSRi99ualignmentiandiextendsifromuaboutuS.u
HanforduStreetitouRoyuStreet.wFromuaboutisouthuiofiS.iISpokaneuStreetitolaboutu
S.HanforduStreet,ithelexistingurailroaduyarduifacilitiesiwillubeurevisedutou
accommodateitheinewuroadway.uThisialternativelalsolincludesiupgradingutheu
BSTuandurebuildingutheiAlaskaniWayuSeawall..u

RebuildingutheiseawalliinitheiSurfacetAlternativeiwillimitigateutheleffectsiofu
lateraluispreadinguofitheisubsurfaceusoilsionuthelexistingiadjacentistructuresandu
utilitiesiduringuaimajoruseismicievent. i

TheuSurfacelAlternativeiwillibeidesignedibasedioniavailableisubsurfaceu
information,udesignuprocedures,icriterialapprovedibyiWwSDOTiandutheuCityuofi
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Seattle landiexistingusiteiconditions.ulfisubsurfaceiconditionsiatithelsitelareu
differentufromuthoseudisclosediduringutheufieldiexplorations,uoruifusitel
conditionsichangeuduringutheulifelofitheuproject,ifuturelimpactsitoutheusiteu
coulduoccur.uw

5.6.1 South - S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

ThislatigradeusectionuisisimilarutowwhatiisibeinguproposeduforitheiRebuildu
Alternative.wlmpactsiwillibeisimilaritoithoseudiscusseduiniSectionu5.2.1.u

Option: SR 99 At-Grade with SR 519 Ramp Connections At-Grade

TheuimainuroadwayiforitheiSurfacelAlternativeiwouldubelatigradesfromusS.u
HanforduStreetitoljustinorthuofiPikeiStreet.wAtigradeucrossingsivwouldibeuS.u
AtlanticiStreet,iS.uIRoyaliBroughamiWay ,iS.uKinguStreet,landiseveraliadditionalu
streetsitoutheunorth.uwForuferryuaccess,janiaerialistructureiwouldibeuconstructedu
alonguColumbiauStreetiextendinguoverithelatigradeuwroadway.wThisiaerialy
structureiwouldibeisupportedibyudrilledishaftsiand/oriClPuconcreteupiles.u
Thistoptionuincludesifeaturesithatiarelalsolincludeduinuotherialternatives.u
Impactsiforiseismiciconsiderations,lerosioniandisedimentitransport,ifills,uandu
foundationsiwouldibeisimilaritoithoseidiscussediforitheiAerialuAlternativeu
(seeuSectionu5.3.1).uw

Thisualternativesalsolincludesiaipermanentiwateritreatmentufacilityithatiwouldu
beuconstructedunorthuofiS.uIRoyaliBroughamiwWay.wlmpactsirelatedutoithemwateru
treatmentifacilityiwouldibeisimilaritoithoseupresentediforitheiRebuildiandu
BypassiTunneliAlternativesi(seeiSectionu5.2. lianduSectionu5.5.1).u

5.6.2 Central - S. King Street to Battery Street Tunnel

At-Grade Signalized and Side-by-Side Aerial

Thewalignmenticontinuestatigradeithroughimostiofithisiarea.wTheuexistingu
pedestrianibridgelalonguMarioniStreetiwillibeurebuilt.uSenecauStreetiwillubeu
connecteditouthelatigradeiroadwayubyutheiuseiofianiaerialistructureiconnectingu
tovaufilllembankment,iextendingutouthelatigradeiroadway.uMSEuwallsiwvilly
supportitheufilllembankment.uBetweenuaboutiPikeuStreetianduPineuStreet,itheu
roadwayugradeiwilliascendiontouaufillilembankmentisupportedibyuMSEuwalls.u
Initially uthesMSEuwwalliwillibeulocatedialongutheleastisidelofitheiroadway ibuty
asithewroadwayicurvesitoitheinortheast,igradeichangesiwillirequireianiMSEu
wallionutheuwestisidelofitheiroadwayiuonly.mwFromujustisouthuofiPineuStreet,utheu
roadwayuwillisplitianduremainuatigradesalonguAlaskaniWayuanduriseutouanu
aerialistructurelextendingutowardsitheiBST.u
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TheuaerialistructureinorthuofiPineuStreetiwillibeulocatedialonguthelalignmentuiofu
thewexistinguwviaductiandibeisupportedibyulargerdiameterudrilledushafts.mwAerialy
ramps,isupportedibyudrilledishafts,iwilliextendutolElliottuAvenueinearu
BlancharduStreet.uBetweenuBelliStreetiandiBatteryuStreet,ithelaerialistructureu
williconnectitolaniMSEuwalliapproachufill iwhichiwilliconnectitoitheuexistingu
BST.wOperationiimpactsiforitheiproposedifeaturesiofitheiSurfaceiAlternativeu
willibbeusimilaritouthoseudiscusseduforithetAerialuAlternativeu(seeiSectionu5.3.2).uu

Asiwithithelotherialternatives,itheiSurfacetAlternativelincludesiseveralifillu
embankmentsi(uputor20ifeetithigh)isupportedibyuM SEvalls.wTheufilly
embankmentsiwillubeilocatedialongiColumbiaiStreetiandiSenecaiStreet,ialongu
AlaskaniWayubetweenuPikeuStreetiandiPineuStreet,ilandionithelapproachutouthel
BST.winumostiofitheseulocations,itheiupperisoilsiareinotiasisoftiasithoseulocatedu
southuofiYesler.uHowever isomelofithelexistingufillisoilsumayucontainisoftu
zones;itherefore,loperationiimpactsidiscussediforitheiRebuildiAlternativeuforu
filllembankmentsioverusoftisoilsiwillibeupartiallyiapplicableu(seeiSectionu5.2.2).u
However,itheudegreeiofitheselimpactsiwillulikelyubeidiminished.w

5.6.3 North Waterfront — Pike Street to Myrtle Edwards Park

TheuwSurfacetAlternativelincludesiuselofitheiBroaduStreetuDetouriduringu
construction.uSinceuthisidetouriwillionlyubelinioperationiduringuconstructioni
ofitheuwviaductuproject,unoloperationuimpactsiareianticipated.u

5.6.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

SimilaritortheiTunneliAlternative,itheiSurfacelAlternativelincludesiaufire/lifeu
safetywupgradeutoitheiBST.uThewupgradeitoitheiBSTuwilluinvolveiextensionuofi
bothuportalsiandiconstructioniofiseveraliemergencyiegresses,ifanienclosures,i
anduventistructures.wlmpactsiwillibeisimilaritoithoseudiscussediforitheiTunnelu
Alternativel(seeiSectioni5.4.4).u

Widened Mercer Underpass

TheuSurfacelAlternativelincludesireestablishinguauportionuofitheusurfaceustreetu
griduinuitheuSouthuLaketUnionuareainorthuofitheulBST.wTheuproposedu
improvementuisitheisameuasithetAerialuAlternative;itherefore,loperationu
impactsiwillialsoubeitheisamei(seeiSectionus.3.4).u

Option: Existing SR 99 with Added Signals at Roy, Republican, and Harrison Streets

Anotherioptionibeingiconsiderediincludesireestablishinguauportionuofitheu
surfaceustreetigridiinitheiSouthiLakeiUnionuareaubyubackfillinguthesexistingu
depressediBroaduStreetiroadwayufromuFifthiAvenueusN.itolEighthuAvenueiN.w
SomelrealignmentiofiMerceriStreetianduRoyuStreetiwouldialsoubeuperformedu
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alongutheleastisidelofiSRu99.wOperationiimpactsivwouldibessimilaritoithoseu
discussediforithetAerialiAlternativei(seeiSectioni5.3.4).u
5.6.5 Seawall - S. King Street to Myrtle Edwards Park

TheuexistinguseawalliwillubeurebuiltifromuS.uKinguStreetitouBayuStreetibyuusinguau
combinationuofidrilledishaftsiandijetigrouting.wOperationiimpactsiwillubeitheu
samelasithoseipresentediforitheiRebuilduAlternativeu(seeiSectioni5.2.5).u

UJ
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Chapter 6 CONSTRUCTION IMPACTS

Geologyuianduisoilsirelatediimpactsicausedibyutheiproposediprojectivwouldibeu
impactsutolexistingufeaturesi(structures,utilities,ietc.Juialongutheuprojectu
corridor.uTheimainutypesiofistructuresiincludeduinitheuiproposeduialternativesi
thatiwouldihaveugeologyniandusoilsirelatediimpactsiincludeielevatedu
structures,itunnels,itheiseawall,ifilliembankments,icutislopes,iwalls,iandu
upgradesitolexistingustructures.uwlmpactsirelateditothazardousimaterialsi
transportiandudisposal,uicontaminantitransport,iandiotheriissuesirelateditou
potentialisoiliandigroundwatericontaminationuareudiscussediiniAppendixiU i
HazardousiMaterialsiDisciplineiReport.u

Eachualternativeicontainsivarioustoptionsiforidifferentiareasialongutheuprojectu
alignment.uwEachuofithelalternativesiandioptionsicontainsielementsithatiareu
commonutouotherualternatives,isuchuasithewuselofidrilledishafts,uMSEuwalls,iCIPu
concreteupiles,igroundiimprovement,landiotherigeotechnicalirelatedifeatures.uu

Constructionuactivitylimpactsioccuriduringuconstructionioriwithinuaishortitimeu
thereafteriandudounotiexistiinuitheslonguterm.uUnlessiotherwiseunoted,u
constructioniimpactsiapplyutoialliareasiwhereitheigeotechnicalirelatedifeatureu
willibetinstallediandimayuapplyitoimoreithanioneialternative.uTheufollowingu
sectionsipresentidiscussionsiofidifferentitypesioficonstructioniimpactsiforieachu
alternativeliandioption.uwMitigationimeasuresiforithelidentifiediimpactsiareu
discussediiniChapteru9.u

6.1 No Build Alternative

TheuNouBuildiAlternativeidoesinotiincludelearthwork.wexistingufeaturesiwillu
remain landunourepairiofithelexistinguseawallioriseismiciupgradelofithewviaducty
willubeuperformed.uwTherefore,uinouconstructionuactivityuimpactsiareu
anticipated.uw

6.2 Rebuild Alternative

TheuRebuildiAlternativelincludesiaicombinationuofiretrofittingiandurebuildingu
thewviaductiandurebuildingutheiseawall.wThealignmentiforitheiRebuildu
AlternativeigenerallyufollowsithelexistingiSRi99ualignmentifromusouthiofiS.u
HolgateuStreetitoinorthuofitheiBSTuportaliatiJohniStreet.u

TheuRebuilduAlternativeiwillibeiconstructedibasedionitheuprojectuplansiusingu
BMPsiappropriateiforitheuprojectu(VWSDOTuand/oriCityuofiSeattle).ulfu
subsurfaceiconditionsiencounterediduringuconstructioniatitheusitelareidifferentu
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fromuthoselassumeduinutheudesign,ifuturesunanticipatediimpactsitoutheusiteu
coulduoccur.u

6.2.1 South - S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

TheuRebuilduAlternativelbeginsiatiS.uHolgateuStreetiwithianuatigradeiroadway .
SRu519williextenduoveruthelatigradewroadway.wTheuovercrossinguwillubeu
supportedionuClPuconcreteupilesiand/orudrilledishafts.uMSEuwwalliapproachu
fillsiwillialsoubeuconstructeduforitheuproposediramps.uGroundiimprovementu
willubeuperformediaroundiexistingiandiproposedifoundationsiandiforitheufirstu
100ufeetiofieachuMSEwalliapproachufill.uGroundiimprovementimethodsithatu
mayubewusediincludeljetigrouting,ideepusoilimixing,uandivibroireplacement
(stoneicolumns).u

Erosion and Sediment Transport

Alliareasibeneathupavements,ifills,uiandifoundationsiwilluibeicleareduofual lu
vegetationuiandudebrisiandustrippediofiorganicisoils.wTheudebrisiresultingifromi
theseuclearinguactivitiesiwillibeiremovedifromithesarea.wTheupreparedigroundu
surfacewwillihaveihighuerosionupotentialiifiexposediduringutheurainyuseasonuoru
inuitheupresencelofisurfaceiwater.wAnyuareasithatiareudisturbeduduringu
constructionuwillibeisubjectitolincreaseduerosionuifipropericontrolimeasuresi
areunoturequireduofitheicontractor.uu

Poorudrainageupracticesimayualsoucontributeutoitheusurfacemwateriflowiandu
erosion.uTheusurfaceusoilicouldierodelandudrainuintoistormwateridrains,luintou
ElliottuBay loriontoiadjacentupropertiesiorustreets.uTheusurfacewwateruflowwu
couldualsouwresultiinuidrainagelofiwateriintoiexcavations,iwhichicouldicausel
instabilityiofitheiexcavations.uThelamountiofierosioniandisedimentationuwill
dependuionithelamountiofisoiliexposediand/orudisturbed,iweathericonditions,u
groundwatericonditions,ianditheterosionicontrolimeasuresiimplemented. i

Withinuconstructionuiareas,itheutiresianditracksiofiheavyiequipmentimayusinki
intoutheusoftuisurfaceusoiluifinoiworkupaduisipresent.wTheutiresiofitheu
constructionuivehiclesicouldualsoucarryusoiliontoiroadwaysiwhenileavingu
constructioniareasiandutravelingialonguhauliroutes.u

Existing Pavements, Tracks, and Utilities

Constructionutrafficumayucauseusettlement,upotholes,icracks,landiotheridamageu
touexistinguroadways.uTheudegreelofidamageutolexistingupavementsiwilly
dependuonitheiconditionuofitheuypavementisubgrade, itheipavementisectionu
strength,landitheiweightioficonstructionutraffic.uConstructionutrafficumayualsou
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causelsettlement,udisplacement,uandiotheridamageutouiexistingurailroadutracksi
aticurrentiatigradeucrossings. i

Numerousuutilitiesiwillibeurelocateditoiallowiforiconstructionuofitheuproject.u
Installationuofirelocateduutilitiesiwillirequireitrenchinguandidewatering.u
Improperutrenchingiandidewateringitechniquesicoulduleadutousettlementiandu
lateralimovementiofiadjacentufacilities.wlmpactsiforiexcavationsiandi
dewateringuareudiscusseduinutheinextisection.u

Excavations and Dewatering

Excavationsicouldibelaccomplishediforiconstructioniofifoundationielements.u
Conventionaliequipment,lincludingiexcavatorsiandibackhoes,iwillulikelyubeu
useditouperformithelexcavation.uwExcavationsicouldicauseusloughinguofusoilsi
andulateralimovementiorusettlementiofinearbyuexistinguiroadways,irailways,\
structures,sjanduutilitiesiifiproperishoringiandidewateringitechniquesiareunoti
used.uConstructioniequipmentiworkinguadjacentitolexcavationsimayicausel
groundimovementiandidamageitoiadjacentipavementsianduutilities.wUtilitiesu
adjacentitolexcavationsicouldisettlelorimoveshorizontallyuasiauresultiofulateralu
stressureliefiassociateduwithusoiluremoval.u

Inlareasiwherelexcavationsimayuextendibelowitheigroundwateritable,ierosionu
anduinstabilityuofiexcavationusidesimayiresult.wDewateringuofisoilsiwithinuandu
belowiexcavationsimayubeuperformeduitouicontroliinflow,uiremoveiwaterifromu
excavations,landireduceshydrauliciforcesithaticouldudestabilizeliexcavations.u
Removaliofigroundwatericouldicauseigroundusettlementitherebylimpactingu
nearbyuroadways,irailways,istructures,ianduutilities.uwSettlementicoulduialsou
induceladditionaliloadsionunearbyuexistingufeatures.uwWhereuexistingu
structuresiareifoundedionitimberupiles,iextendedigroundwateruloweringucouldu
contributeutoupileidecay.u

Constructionudewateringiwillinotiimpactupublicioruprivateigroundwateru
supplies.uGroundwateruisinotiusediasiwaterisupplyuinitheuprojectiarea.uNou
wellhead iaquiferiprotection,ioruisoleisourcelaquiferiplansiexistiinithesarea.u
Handlinguiandudisposalioficontaminatediandicleanuivwateruisidiscusseduinu
AppendixiS,iWateriResourcesiDisciplineiReport.u

Stockpiles and Spoils Disposal

Spoilsiconsistiofisoilioriotheridebrisithatuiisiremovedifromuaiconstructioni
activity.uBasedionutheiRebuilduAlternativeuplans,iabouti300,000ucubicuyardsiofu
materialiwillibeigeneratedifromusiteidemolition,iexcavations,ifoundationu
installation,landigroundiimprovementiactivitiesiinitheisouthiarea.uPotentialy
impactsiresultingifromudisposaliofispoilsiincludelerosioniandisedimentationu
wherelexcavatedimaterialsiareistoredionusitelorispillediduringutransport.u
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SomelofitheusoiliexcavatediforitheilRebuilduAlternativeicouldibeicontaminatedu
becauselitiwillioriginateifromutheinearisurfaceimaterials.uAlongimostiofitheu
projecticorridor,itheinearisurfaceusoilsiconsistiofimanimadeifillithaticontainsu
debrisiandupotentialicontaminants.uTherefore,itheseusoilsicannotibeureusediasi
filllinuotheriareasuofitheuproject,ubutitheyimustibeitreatediandudisposeduofi
accordingutouStateuregulations.uDisposaliandivolumelestimatesiofitheseitypesi
ofisoilsiareifurtheridiscussediinuAppendixuiU,uiHazardousiMaterialsuiDisciplineu
Report.wNoncontaminatedusoilsimayubewuseduasilandscapingufilliforiotheru
areastofitheuproject.uSoilsithatiwillibeusuitableuforureusevasistructuralufilluvvilly
includeusandiandigravelisoilsithatidounoticontainiorganicidebris,idounotihavelal
largelamountioficlayicontent,iareuinotitoowwet,ilandidounoticontainuoversizel
material.w

Spoilsithatiareuitoibeluseduiasilandscapingufilluioruistructuralufillimayubeustoreduiny
stockpilesiatistaginguareasulocatedialongutheuprojecticorridor iasifurtheru
discussediiniAppendixiB,iAlternativesiDescriptioniandiConstructioniMethodsi
TechnicaliMemorandum.ulmpactsiofistockpilesimayuincludeusettlementiofitheu
areasiuseditoustockpileutheuspoilsiandierosioniandisedimentitransport.u
Utilitiestlandupavementibeneathustockpilesicouldibeidamagedidueutou
settlementiandulateralimovementicausedibyutheiweightiofitheustockpileu
materials.ulfitheustockpilesiareinotisuitablyuprotected uisurfacewvwaterierosioni
coulduresultiinudepositionuofisedimentiontoladjacentuproperties,istreets,i
stormwaterudrains,uiand/oriElliottuBay.u

Spoilsithatiareiremovedifromitheusiteiwillibeshauleduinutrucks,urailicars,ioru
bargesitolaipredeterminedudisposalisite.wDuringutransport,ispoilsicoulduispill.u
Transportiofispoilsiwillulikelyualsouresultiinisomeidustidepositedionutheu
roadways,urailicorridors,iand/oriwater.uCoveringiofiloadsiduringuhaulingmwilli
reduceitheidustigeneratediduringutransport.u

Fill Embankments

SeveralifilllembankmentsiarelincludeduinuthisiareasforitheiSRu519uovercrossing.u
TheufillembankmentsiwillibeiconstructeduusinguiMSEuwallsitouretainutheu
embankmentisides.uBasedionutheuavailableusiteigeologiciinformation,itheufilly
embankmentsicouldibeulocatedioverisoftiground.wlnuisomelareas,igroundu
improvementisuchuasideepusoilimixing,ljetigrouting,uioruvibroireplacementy
(stoneucolumns)uwillibeuperformeduibeneathuportionsiofitheufillilembankmenty
areaslatiabutmentsiadjacentutolaerialistructures.wlnuareasiwhereulargeu
thicknessesiofisoftigroundiareupresent,itheisoilimayunotibelableitoisupportithel
filllembankmentiheight.wFailuresicouldioccuriasitheufillisuplacediandutheu
strengthuofitheusoiliisiexceeded.wThisicoulduresultiinuaurotationalifailureu
throughutheufillland/oruatbearingucapacityufailureiofithewentireufill \dependingu
onutheisubsurfaceusoiliconditionsiandifilliconfiguration.uw
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Foundations

Foundationsiforitheusnewuviaductistructurelinuthisiareauwilliconsistiofudrilledu
shaftsioruCIPuconcreteupiles.uSelectioniofitheliappropriateifoundationuty pesitou
supportinewustructuresianduforuretrofitiofiexistingustructuresiwillidependuonu
subsurfaceuiconditionsiunderlyingutheustructures,isiteiconstraints,iandu
constructability.wOtherifactorsicouldialsoumakeusomelalternativesiunpractical.u
Foriexample,ispaceiconstraintsimayunotipermiticonstructionuofilargeupileicaps,i
anduvibrationiand/orinoiseiconcernsimayupreventithewuselofidrivenupiles.uu

Drilledushaftsiconsistiofireinforcediconcreteupilesithatiareiconstructeduiny
drilleduholesiinitheiground.uSpoilsiareigeneratedibyiremovaliofitheusoilufromu
theudrilleduhole.wTheuholewwilliremainustablelasiauresultiofitemporaryucasingsi
and/onistabilizingudrillingufluid.wAfteruitheuholeuisiexcavated,laureinforcementi
cagelisilowerediintoithetholelandutheuholeuisibackfillediwithiconcrete.u
Unstableusoiliandiunfavorableigroundwatericonditionsiareipresentibelowuthel
groundusurfacelinunumeroustlocationsialonguthelalignment.wCavinguoru
sloughinguofisoiliwithiniopentholeiexcavationsicouldiimpactinearbyustructuresi
anduutilities.uMVherewunstableusoilioriunfavorableigroundwatericonditionsiarel
present,loruiniareasiwhereladjacentustructuresirequireuprotection,laicasingu
(withuworiwithoutustabilizingudrillingufluid)icouldibeipushed,uvibrated,uoru
drivenuintouthesholeutoisupportitheishaftisides.uNoiselandivibrationsy
associateduwithucasinguinstallationucouldiimpactinearbyupeople,istructures,u
anduutilities.wlnadequateisidewallisupportioriheavelofitheibottomuofitheuholei
couldualsoucauselsettlementiofinearbyustructuresianduutilities.ulnuareasivwherel
theushaftsiareulocateduinuorinearithelexistingiwaterways,imigrationuofitheu
concretelintoitheiwaterwayicouldioccurithroughuopenusoilulayers.

ClPuconcreteupilesiareiconstructedibyudrivinguaiclosediendusteelicasinguintoutheu
groundianduthenufillingutheusteelicasinguwithureinforcediconcrete.wPilewdrivingu
williresultiinunoiselanduvibrationiimpactsitoupeople,istructures,ianduutilitiesu
nearitheupileldrivinguactivities.uwVibrationicausedibyudrivingupilesicoulduresultu
inusettlementiorulateralimovementiofitheiground uslopeufailures,iand/oru
crackinguoriotheridamageitoladjacentustructures,uutilities,landipavements. i
Vibrationsicouldibesmadeuworseubyitheupresencelofilogs,upiles,ioriotheridebrisi
withinutheufillisoilsialongitheiwaterfront.uwAlso,ivibrationsicouldiincreaseuifu
bouldersioriveryidenseunativeusoiliarelencountered.wwWhenutheupilelencountersu
onelofitheselobstructionsiduringudriving,ivibrationsicoulduincreaseibecauseuofu
harderidrivingianditheimovementiofithelobstructionucausedubyutheupile.wThisy
couldualsauresultiinuincreasedigroundimovement.ulnstallationuofiClPianduotheru
drivenupilesidoesinotigenerateuspoilsibecauseitheusoiliwilluibeidisplacedu
laterallyiandudensifieduasitheupilesisidrivenuintoutheiground.uw
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Temporary Shoring

Temporaryushoringucouldibeirequireduforupileicapuexcavations.ulmproperuory
inadequateushoringuconstructionuoriexcessiveudeformationiofishoringucouldu
contributeutousettlementiorulateraligroundimovementithaticouldiimpactinearbyu
facilities,uutilities,uandustructures.wlnugeneral,isoilinearishoringuwallsicouldu
havelaisettlementimagnitudelequalitoiabouti50utoul00upercentuofitheuvvally
horizontalidisplacement.uwVibrationumayualsoloccuriduertouinstallationiofisomei
shoringutypesisuchuasisheetipiles.uwConstructioniequipmentiworkingiadjacentu
toutheutopuofishoringiwallsimayucauseiwallimovementiandigrounduisettlementy
ifitheuwwallsiareinotidesigneditolaccommodateutheiconstructionuloads.u

Numerousiretaininguwallity pesicouldibeuselecteditouretainusoilsiaroundu
temporaryiexcavations.uSomeiretaininguiwallitypesiincludeuisheetupileiwalls,u
soldierupilelandulagginguwalls,isoilunailiwalls,uandugravitymwalls.uSoldierupileu
wallsicouldubeiconstructeduasicantileveruwallsioribeisupportediusingutiebacksi
oribracing.uForualliofitheseuwallitypes,iexcessiveisettlementiandigroundu
movementiadjacentitoithemwallicouldioccuruifithemwvalliisinoticonstructedu
properly.uForiexample,igroundimovementicouldioccuriifilooseusoilsioriweti
conditionsiareliencounterediwhenudrillingiforitiebacksiorisoilinails;uifistableu
excavationuslopesiareinotimadeiduringuinstallationiofigravityuwalls;uifitiebacksu
oribracesiareunotuproperlyuinstalledianduifitheyuareinotiinstallediatiappropriateu
elevations;ioruifiexcavationuforusoilinailuliftsiisinotuproperlyuperformed.u
Excessivelsettlementiandulateralideformationicouldiimpactioriapplyuloadsitou
nearbyuroadways,irailways,iutilities,ilandistructures.wDrillingutouinstallu
tiebacksuiandusoilinailsicouldidamageuutilitiesiandustructuresulocateduinitheu
vicinityuofitheurtieback/nail.uw

Ground Improvement
Groundiimprovementiwillibeiperformediiniandiarounduportionsiofitheufillu
embankmentsiandifoundationsiforitheiSRi519uovercrossing.uGroundy
improvementicouldiconsistiofiaicombinationiofideepusoilumixing,ijetigrouting,i
anduwvibrorreplacementu(stoneicolumns).uuw

Jetigroutinguisity picallyuperformedibyupushing,udrilling,iorujettinguaigroutupipeu
intoutheuigrounduitoutheidepthitoubeutreated, uandithenuforcingiwateriand/oruairy
throughutheupipeitolerodeitheusoil.wSimultaneousiwithithewvater/airierosionuofi
soil,icementigroutiisiinjectedutoumixuwithuandureplaceithelerodedusoil.wTheu
resultingumaterialiisianiengineeredigroutithatisolidifiesuinusitustoubecomeusoilu
cement.wletigrouticolumnsiwillibelofivariableidiameters,iwithumorelerodibleu
sandsiandusiltsiforminguaulargeridiametericolumnu(uputouaboutiSufeetuiny
diameter)ithanulessierodibleuiclaysianduglacialutilluisoils.ulfitheyjetuigroutingu
processlisinotuproperlyucontrolled,uigapstinithelimprovediareaicouldioccuru
whenusoilsiofilowierodibilityiareilencountered.uwlnuaddition,iwhenuobstructionsy
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suchuasupilesioriconcreteidebrisiarelencountered,ishadowingucanioccuru(i.e. i
thewobstructionuwillupartiallyublockitheiextentiofitheijetigrouting),iwhichiwill
resultiinugapstinitheiimprovedizone.uDependingioniexistingusoiliconditions,u
methodsioficonstruction,landithelextentiofitreated/untreatediground,uutilitiesu
andifoundationuelementsimayusettleiwhenujetigroutioperationsiareuperformedi
nearby.uetigroutioperationsitypicallyuproduceuspoilivolumesiequalitoiabouty
30utous0upercentiofithenvolumelofisoilitreated.wThisispoiliwilliconsistiofuau
mixtureuofierodedusoiliandicementigroutithatuisiflushedutoitheugroundusurfaceu
duringijetuigroutioperations.ulfinotiproperlyicontained,ispoilimaterialimayu
migratelontoladjacentistreetsioruproperties.uletigroutioperationsiwillinoty
producellargelvibrations.u

Deepusoilimixinguisianuinusituisoilimixingitechnologyuthatimixesiexistingusoilu
withicementigroutiusingumixingushaftsiconsistinguofiaugerucuttinguheads,y
discontinuousiaugeruflights,tandimixingupaddles.uTheimixingiequipmentu
variesifromusinglentoleightishafticonfigurationsidependinguonutheupurposetofu
theudeepumixing.uToourapidiadvanceloriwithdrawaliofitheudeepusoilumixingu
augersiandiinadequateicontroliofigroutipumpinguratesicouldicauseiheaveuory
settlementiofinearbyugroundusurface,utilities,jandustructures.uwDependingionu
thelequipmentiandioperators,udeepusoilimixingucoulduproducelspoiliequalitou
abouti25itou30upercentiofithesvolumelofisoilitreated.wThisispoiliwilliconsistiofu
blendedusoiliandicement.wlfinotuproperlyicontained,ispoilumaterialimayu
migratelontoladjacentistreetsioripropertiesioriintolElliottuBay.wDeepusoilu
mixinguoperationsiwillinotuproduceulargeuwvibrations.u

Vibroireplacementimayubeuperformeduiniareasiwhereiadequateioverheadu
roomuiandiequipmentiroomuisiavailable.uVibroireplacementiisicommonlyu
referreditolasistoneicolumns.uwStoneicolumnsiareiconstructedioficompactedu
stoneuthatiareiusedutoureinforcelandudensifyuthevinusituisoil utherebyureducingu
liquefactionupotential.wStoneicolumniconstructionuisiaccomplishedibyu
downholewvibratoryimethodsiusinguawvibratoryuprobeuthatipenetratesitheu
ground,teitheriunderuitsiowniweightioriaidedibyiwaterijetting.uVibrationsiareu
generateduicloseutoutheutipuofitheuprobelandiemanateuradiallyiawayufromuit.uw
Stonewbackfilluisiintroduceduinucontrolledulifts,ieitherifromutheusurfaceuidowni
thetannulusicreatedibyupenetrationuofitheuprobeu(topufeed)iorithroughufeederu
tubesudirectedutoutheutipuofitheuprobei(bottomufeed).wCompactionuofitheustonel
backfilliforcesitheistoneuradiallyuintoitheisurroundinguinusituusoil iforminguau
stoneucolumnuthatuisitightlyuinterlockediwithitheusoil.uTheustoneicolumnuandu
inusituusoiliwilliformuanuintegratedusystemuwithuhigherishearustrength,uloweru
compressibility landulowerisusceptibilityitouliquefactionithanuthesuntreatedu
soil.wlnstallationuofistoneicolumnsicouldiaffectiadjacentustructuresianduutilitiesu
dueutowvibrations.wlniaddition isettlementiandulateralimovementsicausedubyu
theudensificationuofitheuigroundicouldiaffectiadjacentistructures.uwDuringu
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installation ifisoftisoilsiarelencountered,aulargelamountiofistoneimayubeu
requiredibeforeladequatelinterlockinguwithutheusoiluisitobtained.ulfu
obstructionsiarelencountered,iprogressuofithetinstallationiofitheistoneicolumnsy
couldibelimpeded.u

Structuresianduutilitiesithatiareinotiremovedifromitheigroundiimprovementu
areaicouldibeirdamagediduertouvibrationsiandisoilimovements.ulnstallationuofu
stoneucolumnsicouldicausewvibrationsithaticouldiadverselylimpactibuildingsu
anduutilities.ulnstallationuofideepusoilimixinguandujetigroutingucoulduresultuiny
increaseduloadsiandisoilimovementiarounduutilitiesiandistructurerfoundations.u
ReferitolAppendixiB,iAlternativesiDescriptioniandiConstructioniMethodsu
TechnicaliMemorandumuforiadditionaliinformation.u

Removal of Existing Structures

ThewRebuilduAlternativelincludesiremovaliofistructuresithatimayuhaveuwvariousi
typesiofifoundationuelements.ulfideepufoundationsiareitolbeiremoved,u
vibrationutechniquesiusediforiremovalimayuresultiinundamageutoladjacenty
structuresianduutilities,idependingionuthetsoiliconditionsianduproximity.u
Excavationsirequireditoiremoveifoundationielementsiwillihaveisimilaru
impactsiasithoseudiscussedipreviouslyiforiexcavations.ulfifoundationielementsy
remainuinuplacelanduareulocatedibeneathinewifeatures,itheipresenceiofitheu
foundationielementicouldicreatesatharduispotithatiwil liaffectudifferentialu
settlementiofinewifoundations,ufills,uutilities,ietc.uw

Construction Vibrations

Severaliofitheuproposediconstructionimethodsicouldicauseuvibration,y
includingupileidriving,istoneicolumnuinstallation,iandiothericonstructionu
activities.uThisuisudiscussedifurtheriinnAppendixiF,uNoiselandiVibrationy
DisciplineiReport.uConstructionuvibrationsigenerallyuidecreaseiexponentiallyu
withudistanceuifromitheisource.uTheseuwvibrationsicouldicauseugroundu
settlementiandidamageutouutilitiesiandustructures.u

6.2.2 Central - S. King Street to Battery Street Tunnel

Rebuild and Retrofit

NorthiofiColumbiauStreet,ithelexistinguviaductiwillibeurebuilt.wTheu
foundationsiofitheurebuiltiviaductiwilliconsistiofiClPupilesiand/orudrilledy
shaftsiuntilyjustinorthiofiPikeuStreet.wNorthuofiPikeuStreet,ulargerdiameteru
drilledishaftifoundationsiwillibetusedutoisupportithewrebuiltiviaductiinisomel
areasianduretrofittinguofiexistingicolumnsiwillibeuperformeduiniotheriareas.u
Theuexistinguwviaductiretrofitimayuincludeustrengtheninguofisomeifoundationsi
usingufootinguoverlays,iextensionsiwithumicropiles,ioriotheruretrofitimethods.u
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Groundiimprovementimayubeuperformediinisomelareasiarounduiexistinguandy
proposedifoundations.uu

ThelexistingirampstatiColumbiauStreetiandiSenecauStreeticouldibeirebuiltioru
retrofittedianduwillibeisupportedioniClPuconcreteupilesiand/orudrilledushafts.u
TheuElliottuAvenueliandiWesterniAvenuelonmandioffiramps,isouthuofitheuiBST i
willibeurebuiltiandisupportedibyudrilledushaftsiandispreadifootings.uwMSEmwvally
approachufillsiwillialsoibeiconstructediforitheiproposediramps.i

Forumanyuofitheufeaturesiincludeduinuthisialternative,iconstructioniimpactsiwilli
beusimilaritoithoseidescribediforitheisouthiareau(seeiSectioni6.2.1).wAdditionaly
impactsiareudiscusseduinitherfollowinguparagraphs.u

Erosion and Sediment Transport

Impactsiwillibeusimilaritouthoseudiscussediforitheisouthuareai(seeiSectionu6.2.1).u
Becauselofitheuslopingutopographyuinutheucentraliarea,isurfaceiwvateriflovwu
acrossiexposedisoilicouldiremoveisedimentianditransportiittdownslope.wTheu
surfaceusoilicouldierodelandidrainuintoistormwateridrains,iintolElliottuBay,ioru
ontouadjacentupropertiesiorustreets.uTheusurfaceiwateruflowicouldualsouresultuiny
drainagelofiwateriintoiexcavationsiand/oriontouslopes,iwhichicouldicausel
instability.wTheilamountiofierosioniandisedimentationiwillidependionutheu
amountiofisoiliexposediand/oridisturbed iweathericonditions,igroundwateru
conditions,landithelerosionicontroliumeasuresiimplemented.uu

Existing Pavements, Tracks, and Utilities
Impactsiwillibeisimilarutoithoseudiscussediforitheisouthuareau(seeiSectionu6.2.1).

Excavations and Dewatering
Impactsiwillibeisimilaritoithoseudiscussediforitheisouthuareau(seeiSectionu6.2.1).

Stockpiles and Spoils Disposal

Spoilsiconsistiofisoilioriotheridebrisithatiisirernovedifromuaiconstructionu
activity.uBasedionutheiRebuilduAlternativeuplans,iabouti240,000ucubicuyardsuofu
materialiwillibeigeneratedifromusitesdemolition,iexcavations,iandifoundationu
installationuinitheucentraliarea.wlmpactsiwillibeisimilaritoithoseudiscussedufor
theusouthuareau(seeuSectionu6.2.1).uu

Fill Embankments
Severalifillembankmentsiarelincludeduinithisiarea.wlmpactsiwillubeisimilarutou
thoseudiscussediforitheisouthiareau(seeuSectionu6.2.1).wHowever isinceitheu
depthuofisoftisoilsiinuthisiareavisuless,limpactsiwillibeireduced.uw
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Cuts into Slopes
Whereiconstructionurequiresicutsitintouexistinguslopes,isoilsiexposeduinutheu
slopelexcavationsiduringuconstructionimayubeisusceptibleitolerosioniuntilu
vegetationuisiestablished.uVegetationiremovalicouldiincreaseuitheipotentialiforu
erosionuofiexistinguslopes.uwNoumajoricutsiarelincludeduinitheiRebuildu
Alternative;ihowever,icutsimayubeirequireditolobtainuaccess,iespeciallyuforu
installationuofifoundationsionuthethillsideibeneathithewviaductibetweeniPikel
StreetuianduBelluStreet.wConstructionuactivitiesiandiexcavationioniorunearuslopesi
coulduresultiinierosioniandushallowusloughinguonitheuslopes.uDeepiseatedy
landslidinguisinotianticipatedibecauselofithewveryidenseuglacialisoilsipresentu
nearitheisurfacelonitheislopes.uwWhereutheucutsiareuineariexistinguroadways, |
railways,istructures,ioruutilities,ulateralimovementiorisettliementiofitheseu
structurestoruutilitiesicouldioccur.uWhenumaterialiisiremovedifromutheutoelofiau
slopeluoriwhenuexcavationsiareimadeionuslopes,itheloverallistabilityuofiaislopeu
generallyudecreases.uFutureuslopelinstabilityuicoulduresultiinideposituofu
sedimentsioniroadwaysiandidamageutoifutureianduiexistingufacilities.uMorel
importantly,upeoplelandiequipmentidownslopelofitheuslopelinstabilityucouldu
beladverselyuaffected.u

Temporary and Permanent Retaining Walls

Permanentianditemporaryuretainingustructuresicouldibeurequirediforishoredu
excavations,icutsiintouslopes,ifoundationupreparationiforinewibuildings,iandi
excavationsiforiventishaftsiandiemergencyiegresses.ulmproperioriinadequatel
retaininguwalliconstructionuoriexcessiveideformationuofuretaininguwallsicouldu
contributeutousettlementiorulateraligroundimovementithaticouldiimpactinearbyu
facilities,uutilities,uandustructures.ulnugeneral usoilineariretaininguwallsy
supportingicutsicouldihavelaisettlementimagnitudelequalitolabouti50utou1 00y
percentiofitheiwallihorizontalidisplacement.u

Vibrationucausedubyudrivinguofisheetipilesicouldidamagelexistinguiroadways,\
utilities,uandustructures.uConstructioniequipmentiworkinguadjacentitoutheutopu
ofiretaininguwallsuimayucauseiwallimovementiandugroundusettlementuifitheu
retaininguwallsiareinotuidesigneditoilaccommodateutheuconstructionuloads.u

Foundations

TheuRebuilduAlternativeuinithisiareawwilliincludeifoundationsiconsistinguofu
shallowifootings,idrilledishafts,iCIPiconcreteupiles,iandimicropiles.wlmpactsi
forudrilledushaftsianduClPuconcreteupilesiareisimilaritoithoseipresenteduinitheu
southuareau(seeuSectionu6.2.1).uu

Constructioniimpactsiforishallowufootingsiareisimilarutoithoseupresentedufory
excavationsiinugenerali(seeuiSectionu6.2.1).wlfisoftisoilsiareilencounterediatitheu
proposedifootingisubgrade uadditionaliexcavationimayubeurequired.wThisu
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additionaliexcavationimayuaffectitheidesigniofitheishoringiwallisystemsiusedu
forithelexcavationsianduresultiinimovementiofibuildingsianduutilitiesiadjacentu
touthelexcavation.u

MicropilesicouldibeiuseduiinuseveraliareasionitheislopeusouthuofitheiBSTutou
retrofitiexistinguviaductifoundations.uwMicropilesiareismallidiameteru(lessithani
12iinches),udrillediandugroutedupilesithatiareicentrallyureinforceduwithusteel.u
Thewolumelofimaterialiexcavatediforumicropilelinstallationuwillubeurelativelyu
small ulessithanuoneicubicifootuperulinealifootiofipile.wlmproperuinstallationuofu
micropilesicouldiaffectithelintegrityuofithelexistinguslopetandiadjacentu
structures,lincludinguthelexistinguviaductistructure.u

6.2.3 North Waterfront — Pike Street to Myrtle Edwards Park

Otherithanuthoselalreadyudiscusseduinutheupreviousisectionianduforutheiseawally
(seeuSectionu6.2.5),unouotherustructuresiareiproposediforithisiarea;itherefore,inou
geologynandusoilsirelatediimpactsiareianticipated.u

6.2.4 North — Battery Street Tunnel to Ward Street

No Improvements

ForutheuRebuildiAlternative,uinolimprovementsiareiplannedinorthuofitheuBST;u
therefore,uinouigeologyniandusoilsirelatediimpactsiarelanticipated.u

6.2.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuild

ForitheiRebuilduAlternative,ithelexistingiseawalliwillibeurebuiltifromuS.uKingu
StreetitouBayuStreetubyuusingiaicombinationiofidrilledishaftsianduijetigrouting.u
Manyuofitheiconstructioniimpactsipreviouslyupresentediwilliapplyutoutheu
proposediseawalliconstruction.uTheufollowingusectionsireferitoupreviousi
sectionsiandiprovideladditionaliconstructionuimpactsispecificitoitheuseawall.u

Erosion and Sediment Transport
Impactsiwillibeisimilaritoithoseuforitheisouthiandicentraliareasi(seeiSectionu
6.2.luianduSectionu6.2.2).uBecauselofitheuproximityuofitheiseawallitouElliottuBay,u
materialimayubeudepositediiniElliottuBayuduringuconstruction.uw

Existing Pavements and Utilities

Becauselofithelextentiofitheigroundiimprovementibeinguperformeduitourebuildu
theuseawall iexistingupavementsianduutilitiesimayubesimpacted.wConstructionu
trafficlanduvibrationumayucauseusettlement,upotholes,icracks,iandiotheru
damageitolexistingiadjacentiroadways.uTheidegreeiofidamageitouexistingu
pavementsiwillidependuionitheiconditionuofitheipavementisubgrade,itheu
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pavementisectionustrength,tanditheiweightioficonstructionutraffic.u
Compaction,idisplacement,ioruloadinguofigroundinearupiles,ishafts,u
excavations,iretainingustructures,landiimproveduigroundicouldidisplaceloru
applyuloadsitoinearbyuutilities.u

Excavations and Dewatering

Majoriexcavationsiandidewateringuforitheuseawalliareinotianticipated;u
however,ismalliexcavationsimayubeurequirediforuinstallationuofitheuproposedu
uppenigravityuiwall.wConventionaliequipment,lincludinguexcavatorsiandu
backhoes,iwillilikelyubeiusedutouperformithelexcavation.uPilesianduportionsuofi
theuoldiseawallimayiimpedeuthelexcavationuinisometareas.wExcavationsicouldu
causeusloughinguofisoilsiandulateralimovementiorisettlementiofinearbyuexistingu
roadwaysianduutilitiesuifuproperuslopinguorishoringutechniquesiareinotiused.u
Constructioniequipmentiworkinguadjacentitolexcavationsimayicauseugroundu
movementiandidamageutoladjacentupavementsianduutilities.wUtilitiesiadjacentu
tolexcavationsicouldisettleloruimoveuhorizontallyuasiauresultiofilateralistressu
reliefiassociatediwithusoiliremoval.u

Stockpiles and Spoils Disposal

Spoilsiconsistiofisoilithatiisiremovedifromuaiconstructionuactivity.uBaseduionu
theuproposediseawallirebuild,ujabouti220,000ucubiciyardsiofimaterialiwillubey
generatedifromiexcavationiandijetuigroutinguactivitiesiforitheuseawall.wlmpactsi
areusimilaritouthoseudiscussediforitheisouthuareai(seeuSectionu6.2.1).uw

Mostiofitheumaterialigeneratediwillinotubeusuitablesforureuseiasifilliinuotheru
areasibecauseliticouldibeicontaminateduoritoouwet.uwSomelofitheusoiliexcavatedu
couldibeicontaminatedibecauselitiwillioriginateifromutheunearisurfaceu
materials.ulniaddition,itheseusoilsimayicontaininumerousipiles,ilogs,iandiother
woodidebris.wAlongumostiofitheuprojecticorridor,itheinearisurfaceisoilsiconsisti
ofimanimadelfillithaticontainsidebrisiandipotentialicontaminants.uTherefore,u
theseusoilsicannotibeureuseduasifilliiniotheriareasiofitheuproject,ubutitheyimustu
beutreatediandudisposeduiofiaccordingutoiStateiregulations.uDisposaliofitheseu
typesiofisoilsuisifurtheridiscussediiniAppendixiU,iHazardousiMaterialst
DisciplineiReport.uu

Retaining Walls
Gravityuretaininguwallsicouldubeiconstructeditouretainupermanentislopesibyu
excavatinguimaterialibeyonditheulimitsiofitheifinalistructure,iconstructingutheu
wall landibackfillingubehinduit.wTheurebuiltiseawalliwilliessentiallyuactiasiau
gravityiwallidueitoutheljetigroutinguiimprovement.uwAitemporaryugravityuwally
willibbeuconstructedutouretainusoiliaboveithelimprovedigrounduareaibehindutheu
seawalliduringiconstruction.uThisiwallicouldiextendibelowitheigroundwateru
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table.wlmproperidesigniandiconstructionucoulduresultiiniwallimovementiandu
impactuthelexistingustructures,uutilities,sandupavementsibehindutheuwall.u

Ground Improvement

Jetuigroutinguwillibeuperformeduibehinduithelexistingiseawallitourebuilditheu
seawalliandumitigateuliquefaction.ulmpactsiwillibeisimilaritoithoseudiscussedu
foruitheusouthuareau(seeiSectionu6.2.1).umlnuareasiwhereiextensiveudebris,isuchuasi
logsiandiconcrete,lisipresent,uisomelsubsurfaceizonesimayunotibeiadequatelyu
improvedibecauselofitheupresencelofitheseinonierosiveimaterialsi(shadowingu
effect).uw

Groutiinjecteduintoutheusoilimayualsoutravelithroughiopenusoililayersioru
throughutheuseawalliandienteriElliottuBay.wTheljetugroutinguprocessimayualsou
introduceladditionaliloadsutoutheuseawallistructure.wThisicouldicauseudistressu
orulocalizedufailuresitoitheuseawall.uw

6.3 Aerial Alternative

ThetAerialiAlternativeiwilliincludeureplacementiofithelexistinguviaductiwithuau
newlaerialistructureialonguthewwaterfrontithroughidowntown.wThelalignmenty
generallyifollowsitheiexistingiSRi99ualignmentifromuS.iWalkeruStreetuinitheu
southuenditolAuroratAvenuelN.latiProspectiStreetiinitheinorthuend.wThisu
alternativelalsolincludesiupgradingutheiBSTuandurebuildingithelAlaskaniWayu
Seawall.uThelAerialtAlternativelincludesiaistackeduaerialistructureuinutheu
southuarea.mwAnotherioptioniforianiatigradeustructureusimilaritoitheiRebuildu
Alternativetisialsoubeinguconsiderediforitheisouthuarea.u

ThewAerialiAlternativeiwillubeiconstructedibasedionutheuprojectiplansiusingu
BMPsiappropriateiforitheiprojectu(WSDOTuand/oriCityuofiSeattle).wlfu
subsurfaceiconditionsiencounterediduringuconstructioniatitheusitelareudifferenty
fromithoselassumediinitheudesign,ifutureiunanticipatediimpactsitoutheusiteu
coulduoccur.u

6.3.1 South - S. Spokane Street to S. King Street

Stacked Aerial

ThewroadwayiforitheiAerialiAlternativelbeginsiatiaboutuS.uStacyuStreetivwithuani
atigradewroadway.uTheinorthboundiroadwayuwillitransitionitouanuaerialu
structurelatuS.iWalkeriStreetianditheisouthbounduroadwayuwillitransitionutouani
aerialuistructureuatiS.iHolgateuStreet.wFilllembankmentsisupportedibyiMSEu
wallsiwillibewusedutoutransitionifromuatigradeutouthelelevatedustructure.wTheu
aerialuistructuresiwillibeisupportedubyuClPuconcreteupilesiand/oridrilledushafts.u
Theuaerialistructuresiwillitransitionifromusiderbyiside,isinglerlevelistructuresi
tolaudoubleilevelistructureibetweenuS.uiHolgateuStreetiandiS.uMassachusettsi
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Street.wGroundiimprovementiconsistinguofiaicombinationiofideepusoilumixing,u
jetigrouting,land/orivibroireplacementi(stoneucolumns)willibeuperformedu
aroundutheustructureifoundationsianditheuportionsiofithelapproachufillsi
adjacentitouthelaerialistructuresifromitheibeginninguofithelaerialistructurey
northutouS.iWashingtonuStreet.uu

ConstructionuimpactsiwillibeisimilaritoithoseudiscussediforitheiRebuildu
Alternativelinitheisouthuareai(seeuSectionu6.2.1).uBasedionuthesAerialy
Alternativeuplans,iabouti340,000ucubicuyardsiofimaterialiwillibeigeneratedu
fromudemolition ifoundationuinstallation,isiteuipreparation,sjandigroundu
improvementioperationsiforitheisouthuarea.uu

Option: SR 99 At-Grade with SR 519 Elevated Ramps

ThistoptionuisisimilaritoiwhatuisibeinguproposediforitheiRebuilduAlternative.u
ImpactsiwouldibeusimilaritoithoseudiscussediforitheiRebuildiAlternativelinitheu
southuareau(seelSectionu6.2.1).uu

6.3.2 Central - S. King Street to Battery Street Tunnel

Stacked Side-by-Side Aerial

StartinguatiaboutiS.uAtlanticiStreetiandiendinguatitheuBST ,ulargerdiameteru
drilledushaftsiwillulikelyubeiuseditousupportithelaerialistructure.wGroundu
improvementiwillibeuperformediaroundieachupileibentisouthuofuS.iWashingtonu
Street.wNewielevatediramps,isupportedibyudrilledishaftifoundationsianduwithu
MSEuwwalliapproachufillsiwillibeiconstructedutouS.uiRoyaliBroughamiWayuandusS.u
AtlanticiStreet.u

ConstructionuiimpactsiwillibeisimilaritoithoseudiscussediforitheiRebuildu
Alternativelinitheicentraliareau(seeuSectionu6.2.2).uBasedionutheiAerialy
Alternativeuplans,jabouti190,000ucubiciyardsiofimaterialiwillibeigeneratedu
fromudemolition,ifoundations,isiteipreparation landigroundiimprovementifori
theucentraliarea.uw

6.3.3 North Waterfront — Pike Street to Myrtle Edwards Park

Broad Street Detour

ThewAerialiAlternativelincludesitheiuseuofiBroadiStreetianduAlaskanuWayuasiau
detouriduringuconstruction.wThisidetouriwilliallowiexistinguatigradeu
roadwaysitoubewusedutourouteutrafficilduringuconstruction.uwAutrestlelbridgeuwillu
beiconstructedutoucarryutrafficioveritheiBNSFurailroaditracksiatiBroaduStreetu
anduAlaskaniWay.uTheutrestleibridgemwilliextendifromiWesterniAvenueitou
approximatelyuVineuStreetiandibeisupportedibyudrilledishafts.mApproachufillsu
foritheibridgewwillibeisupportedibyufilliembankments.uSinceuthisuisiau
temporaryustructure,ithelbridgeiwillibeidesigneditolappropriateiseismicy
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criteriauprotectivelofilifeisafetyubasedionitheliexpectedidurationiofitheu
structure.wConstructioniimpactsiforitheuproposedidetouriwilluprimarilyubeu
relatedutoutheuproposedibridgeloveritheilBNSFurailroaditracks.mBecauseutheu
depthuanduthicknessesiofisoftisoilsiinuthisiareaiareismall usettlementiandu
stabilityumayunotibelanuissue.wlmpactsiforudrilledushaftioriClPuconcreteupileu
foundationsiwillibeisimilaritoithoseupresentediforitheiRebuilduAlternativeuinu
theucentraliareau(seeuSectionu6.2.2).uBasedionithetAerialiAlternativeuplans,u
abouti30,000ucubicuyardsiofimaterialiwillibeigeneratedifromufoundationu
installationiandusiteupreparation.uu

Option: Battery Street Flyover Detour

TheuBatteryuStreetuFlyoveriDetouriisianuoptionithaticouldubesimplementedu
insteaduofitheuBroaduStreetuDetour.wThistoptionuinvolvesiconstructinguau
temporaryuaerialistructureiaboveutheibuildingsialonguAlaskaniWayuandioveru
theuBN SFitracks,iconnectingutheuBSTuwithuthelAlaskaniWayusurfaceustreet.uw
Thisudetouriwoulduallowutrafficitoutravelionitheitemporaryuaerialiflyoveriwhileu
theinewipermanentiaerialiconnectionifromiPikelStreetitoitheiBSTuisibeingu
constructed.u

Constructionuimpactsiforitheiproposedidetouriwoulduprimarilyubeurelatedutou
theuproposeditemporaryiaerialistructure.wlmpactsiforifillsiandidrilledishaftioru
ClPuconcreteupileifoundationsiwouldibeisimilaritoithoseupresentediforuthel
RebuilduAlternativelinitheucentraliareau(seeiSectionu6.2.2).wBasedionutheuplansy
foruthistoption,labouty30,000ucubiciyardsiofimaterialiwouldibeugeneratedifromu
foundationuinstallationiandusiteupreparation.uOthericonstructioniimpactsi
relateditolerosion,ispoils,iexcavations,letc.iwoulduialsoubeusimilaritoithosel
discussediforitheiRebuilduAlternativeu(seeiSectionu6.2.1).uu

6.3.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

TheuAerialiAlternativelincludesiaifire/lifeisafetywupgradeitoitheiBST.wTheu
upgradeutouitheiBSTuwilliincludelextensionuofibothuportalsiandiconstructionuofu
severaliemergencylegresses,ifanienclosures,landuwventistructures.ulnuthisiarea,u
denseusoilsiareulocatedurelativelyunearutoitheigroundusurface.uTherefore, uituisy
anticipatedithatispreadifootingifoundationsiwilluibewuseditoisupportitheu
structures.ulmpactsiforiexcavationsirequirediforitheseufootingsiwillibeissimilaru
touthoseudiscussediforitheiRebuilduAlternativelinutheicentraliareau(seeiSectionu
6.2.2).u

Ifisoftisoilsiarelencounterediatitheuiproposedifootingusubgrade,iadditionalu
excavationimayubeurequired.uThisiadditionaliexcavationimayuaffectitheidesigni
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ofitheushoringuwallisystemsiusediforithelexcavationsianduresultiinimovementu
ofibuildingsianduutilitiesiadjacentitoitheiexcavation.u

Widened Mercer Underpass

ThewAerialiAlternativelincludesireestablishinguauportionuofitheusurfaceustreety
griduinuitheuiSouthuLakeiUnionuareainorthiofitheilBST.wAtWThomasiStreet,iau
singleispanuoverpassistructureiwillibeiconstructeditolextendioveriSRu99.uThel
bridgeiwillibeisupportedionufilliembankmentsiatithelabutments,iwhichuwillubeu
retainedibyuMSEuwalls.ulniaddition,ithelexistinguboatisectionialonguMerceru
Streetuwilluibeiwideneditolaccommodateladditionalitraffic.uTheuwidenedu
roadwayuwillirequirelaniexcavationuthatiwillibbeisupportedibyusecantupileu
walls.uwlnuiaddition,ithelexistingudepressediBroadiStreeturoadwayuwillubeu
backfilledibetweenuFifthuAvenueiN.landiEighthuAvenueuN.itoureestablishu
additionalisurfacelstreeticonnections.uu

Excavations and Dewatering

ForuthetAerialuAlternative,iexcavationsiwillibeimadeuforirelocationiofuutilities,u
repairioruirehabilitationuofiexistingufootings,landiexcavationuforitheiboatisectionu
northuofitheuBST .ui

Constructioniimpactsiforiexcavationsiwillibeisimilaritoithoseudiscusseduinu
previousisectionsi(seeuSectionu6.2.1).wExcavationsiforitheiboatisectionunorthuofu
theuBSTucouldicauseulateralimovementiorusettlementiofitheliadjacentuground.ul
thelexcavationsiareuinotuproperlyuishored,iexcessiveigroundimovementicouldu
occur.uwExcessiveigroundimovementicouldidamageladjacentiroadways,u
structures,landuutilities.u

Dewateringimayubeurequirediforisometofitheliexcavations.uDependinguuponu
theumagnitudeuofitheurequiredidewateringuanditheinatureliandudensityuofitheu
adjacentusoiliconditions,igroundisettlementsicouldioccur.uSuchusettlementsi
couldidamageuladjacentiroadways,istructures,janduutilities.wConstructiony
dewateringiwillinotiimpactupublicloruprivateigroundwaterisupplies.u
Groundwateruisinotiuseduasivwaterisupplyuinitheuprojectiarea.uNouwvellhead,u
aquiferuprotection,uorisoleisourcelaquiferiplansiexistiinithelarea.u

Stockpiles and Spoils Disposal

ForuthelAerialiAlternativelinuthisiarea,labouti40,000uicubiciyardsiofimaterialy
willubeugenerated,uprimarilyuforiexcavationuofitheiboatisection.uwPotentialy
impactsuresultingifromudisposaliofispoilsiincludelerosioniandisedimentationy
wherelexcavatedisoilsiareistoredionusitelorispilleduiduringutransport.uu

Noncontaminatedusoilsimayubeuusediasilandscapingifilliforiotheriareasiofitheu
project.wForithetAerialiAlternative,ithelexistingiBroadiStreetidepressedu
roadwayuwillibeidemolishediandibackfilledibetweenuFifthuiAvenueiN.iandu
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EighthuAvenueiN.uwApproximatelyi70,000icubiciyardsiofinewufillimaterialumayu
bewrequirediforuthisiarea.wSpoilsiobtainedifromuotheriareasiofitheusiteithatmwvillu
beusuitableiforireusesasistructuralifilliwilliincludeisandiandugravelisoilsithatudou
noticontainuorganicudebris,udoinotihavelailargelamountioficlayicontent,iareuinotu
tooiwet,slandidounoticontainioversizeimaterial.uSpoilsithatidounotimeetithesel
criteriaucouldibeireusediasilandscapinguimaterials,iasirequired.uwlmpactsiforu
spoilsthandling,uihauliroutes,landustockpilesiwillibeusimilaritoithoseupresentedu
foritheiRebuildiAlternativeu(seeiSectionu6.2.1).uw

Fills

ThewAerialiAlternativelincludesibackfillingutheidepressediBroaduStreety
roadwayufromuFifthuAvenueiN.itolEighthuiAvenuelN.wFillimaterialsimayu
consistiofisoiliexcavatedifromuotheruportionsiofitheinorthiendireconstruction.u
Ifibackfillingiandicompactinguoperationsiareiperformediduringiwetiweather,i
theustockpiledionisitesmaterialsimayunotiachieveitheidesiredudegreeuofi
compaction.uStockpilesuleftiuncoveredicouldialsouresultiinitheimaterialy
becominguunsuitablerforiuseiasistructuralifill.wPlacementiandicompactionuofi
filimaterialsiadjacentutolexistinguwallsioristructuresicouldicauseidamageitou
thewwallsioristructuresibecauselofitheufilliandicompactionuloading.u

Retaining Walls
Numerousiretainingiwallitypesimayibeuselecteditouretainusoilsiforitheiboatu
sectionunorthuofitheiBSTuanduotheritemporaryiandipermanentiexcavations. i
Retainingiwallitypesithatimayubeiusediincludeusoldieripilelandulagginguwalls,u
soilunailiwalls,icantileveriCIPuconcreteiwalls,uandigravitymwvalls.wlmpactsiforu
thesewwallutypesiwillibessimilaritouthoseloutlinediforitheiRebuilduAlternativeu
foruitheicentraliareau(seeiSectioni6.2.2).u

Tiebacksimayubeuwuseduinisomelareasitouiprovideiadditionalibracingiandureducel
depthsuofiwalls.uSoilinailiwallsimayualsoubeiusediinisomelareasinorthiofithey
BST.ulmproperudesignioriconstructionuofitheiwallisystems,itiebacks,iorubracesu
coulduresultiiniexcessivellateralidisplacementiandisettlementiofiadjacentu
groundiandunearbyuroadways,trailways,uutilities,uandustructures.uDrillingutou
installitiebacksiandusoilinailsicouldidamageuutilitiesiandustructuresulocateduiny
theutieback/nailizone.u

Foundations
Shallowifoundationsiwillibeiuseduforuretaininguwallsiandusupportibuildings.u
Impactsiforuishallowifoundationsiwillibeisimilaritoithoseupresentediforitheu
RebuilduAlternativeu(seelSectionu6.2.1).uu
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Removal of Existing Structures
ThewAerialiAlternativelincludesiremovaliofistructuresithatimayuhaveuvariousy
typesiofifoundationuelements.ulmpactsiforiremovaliofiexistingustructuresiwill
beusimilaritoithoseidiscussediinitheiRebuilduAlternativeu(seeiSectioni6.2.1).uu

Option: Lowered Aurora/SR 99
AnuoptioniofithetAerialuAlternativelincludesireestablishingutheusurfaceistreetu
gridubyuloweringutheiroadwayugradeuintouaiboatisectionifromutheinorthuenduofi
theuBSTutouaboutiProspectiStreet.uFiveinewibridgeloverpassistructuresiwouldy
beuconstructedutoureconnectitheisurfaceustreetsiatiMerceriStreet,i ThomasiStreet,u
HarrisonuStreet,uRepublicanuStreet,landuRoyuStreet.winiaddition,ithelexistingu
depressediBroaduStreetiroadwayuwouldibeibackfilledubetweenuFifthuAvenueu
N.landiEighthiAvenueiN.u

ForutheltAerialuAlternativelinithisiarea,labouti300,000ucubicuyardsiofimaterialy
wouldibeigenerated,uprimarilyiforiexcavationuofitheuboatisection.uwlmpactsi
relateditouspoilsiandustockpilesiwouldibeusimilaritoithoseupresenteduinutheu
previousisection.u

Thistoptionuincludesipermanentiretaininguwallsiforithetboatisectionunorthuofu
theuBST.ulnuaddition,iwallsimayubeiconstructediforitheinewusupportibuildings.uw
Settlementiandulateralimovementicouldioccurioveritheillongutermuifithemwvallsu
areunotuproperlyudesignediforitheusoiliandigroundwatericonditionsiandu
appliedisurchargeuloads.ulmpactsiforiwallsiwouldibeisimilaritoithoseu
discusseduinitheiRebuilduAlternativeuforitheicentraliareau(seeiSection6.2.2).u

SomelareasiofitheiboatisectionunorthiofitheulBSTumayuextenduibelowutheu
groundwaterutable.wlmpactsiwouldubelsimilaritosthoseudiscusseduinutheu
previousisection.wThisioptionialsolincludesifillingiBroaduStreet.uwlmpactsi
wouldibeitheissameiasithoseudiscusseduinitheupreviousisection.uShallowi
foundationsimayubewusediforisupportiwalls,ibridgeifootings,iandubuildings.u
Impactsiforishallowifoundationsiwouldibeusimilaritoithoseudiscusseduinutheu
previousisection.u

6.3.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuild

ForutheuAerialiAlternative,ithelexistinguseawalliwillibeurebuiltifromuS.uKingu
StreetitouBayuStreetibyuusingiaicombinationuofidrilledishaftsiandujetigrouting.uw
ConstructionuimpactsiwillibeisimilaruitoithoseidiscussediforitheiRebuildu
Alternativei(seelSectionu6.2.1).uu
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Option: Seawall Frame

TheutemporaryubridgeibeinguconsidereduinithetAerialiAlternativeiwouldubeu
locatedudirectlyiaboveitheiseawalliinisomeuareas.wAiframeuseawallisystemuisi
alsoubeingiconsidereduitourebuilditheiseawall.wThisiprovidesiaisuitablel
foundationisupportiforitheitemporaryibridgeioption.uThelexistinguseawallu
wouldibeurebuiltifromuS.uKinguStreetitouBayuStreetubyuconstructinguaisecantupileu
walliplacediimmediatelyubehinditheioriginaliseawalliandiconnectinguitutou
largerdiameterudrilledishaftsiandiaiClPuTibeamuideckitoiformuaiframeisystem.uu
Ituishouldibeinotedithatinoujetuigroutinguiwouldubeuperformedibehinditheu
existinguseawalliforuthisialternative.u

Temporary and Permanent Retaining Walls

TheuSeawalliFrameiOptionuincludesitheiconstructionuofiaisecantupilemwvally
immediatelyuadjacentitouthelexistinguseawall.uSecantupilewwallsiwouldiconsisty
oflintersectingudrilledishafts.uGenerally,ieveryiotherishaftialonguthewvwvallu
wouldibeureinforced.wintermediateushaftsiwouldigenerallyuinotibesreinforcedu
butiwouldibeiconstructeduusingulowistrength,uleanimixiconcrete.mlmpactsiforu
theseutypesiofiwallsiwouldubeisimilarutoithoserdiscusseduforitheiRebuildu
Alternativerforiwallsiandudrilledishaftsi(seeuiSectionu6.2.1).u

Theusecantupileiwalliwouldibeiconstructedibehinditheuexistinguseawall.wAusteelu
sheetupileiwalliand/orisilticurtainiwouldulikelyubeuinstalleduduringu
constructionitouprotectioveralliwateruquality.wVibrationicausedibyudrivinguofi
sheetupilesicouldidamagelithetexistingiseawalliandiadjacentiroadways,uutilities,
andustructures.uw

Dewatering
Dewateringimayualsoubeirequirediforiconstructionuofitheiseawall.wDewateringu
constructiontimpactsiwouldibeisimilaritoithoseudiscussediforitheiRebuildu
Alternativeu(seeiSectionu6.2.1).mConstructionidewateringiwouldinotiimpactu
publicioriprivateigroundwaterusupplies.uGroundwateruisinotiusediasivvateru
supplyuinitheuprojectiarea.uNowwellhead yjaquiferuprotection,iorisoleusourcelu
aquiferuplansiexistiinutheiarea.u

Spoils Disposal
ForutheuSeawalliFrameiOption,lapproximatelyu400,000ucubicuyardsiofispoilu
couldibeugenerated.uwMostiofithisispoiliwouldiconsistiofinearisurfaceufillisoils,
timbersiandupilesifromutheuoldiseawall,upotentiallyicontaminatedusoils,iandu
spoilsifromudrilledishaftiandisecantupilemwalliinstallation.uMostiofitheseusoilsi
wouldinotuibeusuitableiforireuselinuotheriareasiofitheuprojectuibecauseutheyu
wouldibeicontaminated,icontainitooimuchudebris,ioribeitooiwet.uwPotentialu
impactsiresultingifromudisposaliofispoilsiincludelerosioniandisedimentationu
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wherelexcavatedisoilsiareistoredionusiteloruispilleduiduringutransport.ubDisposaly
oficontaminatedusoilsiisifurtheridiscussediiniAppendixuU,uiHazardousu
MaterialsuiDisciplineiReport.uw

Foundations

Secantupilesiandudrilledushaftsiwouldibeuuseduiniconstructionuofitheuframeuforu
theuseawallirebuild.wlmpactsiforitheseuty pesiofifoundationsiwoulduibeisimilaru
touthoseudiscusseduforitheudrilledishaftsiincludeduinitheuiRebuilduAlternativeu
(seeuSectionu6.2.1).uu

6.4 Tunnel Alternative

ThetTunneliAlternativeiwilliincludesaiccombinationuofiaerialistructuresiandu
cutrandicoveritunnelsitoureplaceuthelexistinguviaductifromuaboutiS.uHanfordu
StreetuitouMerceriStreet,unorthuofitheiBST.uThetalignmentugenerallyufollowsitheu
existinguSRu9%alignment.uThisialternativelalsolincludesiupgradingutheuBSTu
andurebuildingitheiAlaskaniWayuSeawall.uAnotherioptioniforianiatigradel
structuressimilaritoitheilRebuildianduAerialialternativestisialsolbeingu
considereduforutheusouthuarea.u

TheuiTunneliAlternativeiwillibeuconstructedubasedionutheuprojectuplansiusingu
BMPsiappropriateiforitheiprojecti(WSDOTuand/oriCityuofiSeattle).wlfu
subsurfaceiconditionsiencounterediduringuconstructionuatitheusitelareudifferenty
fromithoselassumediinutheudesign,ifuturesiunanticipatediimpactsitoutheusiteu
coulduoccur.u

6.4.1 South - S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

ThisualternativelisisimilaritowwhatiisibeinguproposediforitheiRebuildu
Alternative.wlmpactsiwillibeisimilaritoithoseudiscussediinuSectionu6.2.1.u

Option: Side-by-Side Aerial
TheuwroadwayuforithisioptioniwouldibeginiatigradeufromiS.uHanforduStreetutouS.u
HolgateuStreet.wFromuthisulocation,itheiroadwayuwwoulditransitionutolaisinglet
level,iaerialistructureutoucrossioveritheiBNSFISIGiRailiYard,iS.iAtlanticiStreet,
anduS.iIRoyaliBroughamiwWay.wAufilliembankmentisupportedubyuMSEuwallsi
wouldibewuseditoutransitionifromuthelatigradeiroadwayitoutheuaerialistructure.uw
Drilledushaftsiwouldisupportithelaerialistructures.wGroundiimprovementy
consistinguofiaicombinationuofideepusoilimixing,ljetigrouting,uand/oruwvibroz
replacementi(stoneicolumns)iwouldibeuperformediaroundithelaerialistructureu
foundationsiandutheuportionsiofithelapproachufilliadjacentitoitheuaerialy
structurelabutment.uuRampsiwouldiextenditouS.u1HolgateuStreet,iS.uAtlanticu
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Street,iS.1IRoyaliBroughamiWay landiAlaskaniWayuandiwouldubeisupportedu
byudrilledishaftsioridrivenupilesiwithuMSEiwalliapproachufills.uw

ImpactsiforithisialternativeiwouldibeusimilaritoithoseidiscussediforithetAerialy
Alternativeuinithisiareau(seeuSectionu6.3.1).ultuisiestimateduithatiaboutu410,000u
cubicuyardsiofimaterialivouldibeugeneratedifromuexcavations,ifoundationu
installation ujandugroundiimprovementioperationsiinuthisiarea.uMostiofitheseu
spoilsiwouldinotibeusuitableiforureuselasifillibecauseutheyucouldubeu
contaminated,itoouwet,ioricontainidebris.u

6.4.2 Central - S. King Street to Battery Street Tunnel

Side-by-Side Tunnel and Side-by-Side Aerial

NorthiofiS.IRoyaliBroughamiWay ithelaerialistructureustransitionsibackutouaufillu
embankmentiwithuMSEwallsiatieachiside.wGroundiimprovementiwillubeu
performeduiforutheufirstilOOufeetiofithelapproachufillsiadjacentitouthesaerialy
structure.wAtiaboutiS.uDearbornuStreeti(adjacentitouSafecouField),itheiroadwayu
descendsiintouatboatisectionuwithuitsisidesisupportedibyudiaphragmuwalls.u
TheuwboatusectionuwillicontinuertolaboutuS.uKinguStreet,iwhereuitiwillitransitionu
intolausiderbyiside,icutrandicoveritunnel.wAirampufromiS.uKinguStreetiwilly
extendidownutheucenteriofitheiboatisectionionianiMSE1wallisupportedufillu
embankment.uw

TheucutrandicoveritunneliwilliextendifromiS.iKinguStreetitolaboutiPikeiStreet.u
Diaphragmuwallsiwillibeiuseditoisupportitheisidesiofitheitunnel.wFromusS.u
KinguStreetitolaboutiYesleriWay ,ithertunneliwillishiftialignmentiuntilumeetingu
thelexistinguseawallinorthuofiYesleriway.uwFromuYesleriWayutolaboutiPikeu
Street,itheinewucutiandicoveritunneliwilliservelasitheireplacementuiforutheu
seawall.uBetweeniS.iWashingtoniStreetianduY esleriWay ithemwvestiwalliforuthel
cutrandrcoveritunneliwilliextendibeyonduithelexistingiseawalliintolElliottuBay .
Sinceutheleastihalfiofitheicutiandicoveritunneliwillibeulocatedialongutheu
existingiviaductialignment,itheitunneliwillibeiconstructeduinitwouphasesisol
thatitrafficithroughuthelareaicouldibeimaintained.wVentistructuresiwillibeu
constructeduinuthewvicinityuofuS.uKinguStreet,iY esleriway iSpringuStreet,uandu
northiofuiUnioniStreet.wNouaccessirampsiwillibeiprovideduinuthisiarea.u

BetweenuPikeuStreetianditheiBST itheicutrandicoveruroadwayutransitionsitouau
boatusection,ithenutolaniMSE1wallisupportedifilliembankment,iandithenutoiany
aerialistructureiconnectingutoutheilBST.wTheutransitionithroughutheiboatisectionu
willirequirelauverticalicutiintouthewexistinguhillsideibelowithewviaduct.wThisicuty
willibeisupportedibyiairetaininguwalliwithitiebacksiextendinguunderutheu
existingiviaduct.wAnionirampuandioffiramputoitheiroadwayiwilliextendu
throughicutiandicoveritunnelsifromuUniversityiStreetinorthuuntilitheyuascendu

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
GeologytanduSoilsiTechnicaluMemorandumu 83w
DraftiElSu



throughuboatisectionsitoiconnectiwithuAlaskaniWay.ulLargerdiameterudrilledu
shaftsiwillisupportithesaerialistructureisouthuofitheuBST.u

ManyuofitheuwconstructioniimpactsiforitheiTunneliAlternativelareisimilarutoutheu
RebuildianduAerialiAlternativesi(Sectionsi6.2.2ilandu6.3.2).uTheseusimilaru
constructioniimpactsiareinotirestateduinithisisection.uReferencesitoithelimpactsi
foruitheselalternativesiarelincludeduinitheufollowinguparagraphsiforitheiTunnelu
Alternative.u

Erosion and Sediment Transport

ImpactsiforithesTunneliAlternativeuwwillibeisimilaritoithoseloutlinediforutheu
RebuildiAlternativei(seeiSectioni6.2.2).u

Existing Pavements, Tracks, and Utilities

ImpactsiforitheiTunneliAlternativewwillibeisimilaritoithoseloutlinediforutheu
RebuilduAlternativeu(seeuSectionu6.2.2).u

Excavations and Dewatering

ForitheiTunneliAlternative,lexcavationsiwillibeimadeuforurelocationuofiutilities,u
constructioniofifoundationicaps,iandiexcavationiforiboatisectionsiandicutrandz
coveritunnels.wlnigeneral simpactsiwillubeisimilaritoithoseloutlineduforutheu
RebuilduAlternativeu(seeiSectioni6.2.2).u

AsistatediforithetAerialuAlternative,iexcavationsiforitheiboatisectionsicouldu
causellateralimovementiorisettlementiofinearbyuexistinguroadways,urailways,\
structures,janduutilities.wTheselimpactsiwillialsolapplyutoithelexcavationiforuy
cutrandicoveritunnels.ulfithelexcavationsiareunotiproperlyishored,iexcessivel
groundimovementicouldioccur.mExcessiveigroundimovementicouldidamageu
adjacentiroadways,istructures,ianduutilities.u

Dewateringiwillibetrequirediforitheiconstructionuofitheicutrandicoveritunnelsi
anduboatusections.uDewateringuwillibelaccomplisheduuntiliconstructionuofitheu
structurelisicompleted.uBecauselofitheupresenceloficompressibleusoilsinearithel
excavations,uidewateringucouldicauseisettlementiofitheigroundisurfaceiandu
nearbyuroadways,irailways,istructures,janduutilities.wBasedionupreliminaryu
dewateringuanalyses,ipumpinguratesialongitheialignmentiwillivarywwidelyu
dependinguonusubsurfaceuconditionsiandipumpingudurationiandimayurangel
fromu200utou4,500ugallonsiperiminuteuperi600ifeetiofiopeniexcavation.
Drawdownioutsidelofithelinlandidiaphragmuwalliwilluvaryidependinguonitheu
subsurfaceiconditionsiencounteredialonguthelalignment.uPreliminaryu
groundwateridrawdownuestimatesirangeifromuapproximatelyuSitou30ufeetiatiau
distancelofiabouti400ufeetifromitheidiaphragmuwall.wifitheicutrandicovery
tunneliexcavationidewateringieffortiwereutoufailioriprovelinadequatesforianyu
reason,igroundulossiwithinutheuiexcavationulimitsiwillubesaurisk.wThisulossicouldu
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resultifromurunningu(flowing)iground,upiping,land/oribaseiheaveidueutowuplifty
conditions.wDiscussionsiofihandlingiandudisposaliofiwaterigenerateduiduringu
dewateringuisiaddressediiniAppendixiS,iWateriResourcesiDisciplineiReport.u

Constructionuidewateringuwillinotuimpactipublicioruprivateigroundwateri
supplies.wGroundwateriisinotiusediasiwaterisupplytinitheuprojectiarea.wNou
wellhead iaquiferuprotection,iorisoleisourcelaquiferiplansiexistiinitheiarea.u

Stockpiles and Spoils Disposal

ForutheiTunneluAlternative,yjaboutil,680,000ucubicuyardsiofimaterialiwillubey
generatedifromusiteidemolition,iexcavationsu(primarilyitheiboatisectionsiandu
cutrandicoveritunnels),ifoundationuinstallation,iandigroundiimprovement.u
Potentialuimpactsiresultingifromudisposaliofispoilsiincludelerosioniandu
sedimentationuwhereiexcavatedisoilsiareuistoredionusiteloruspilleduduringu
transport.u

SomeisoiliexcavatediforitheiTunneliAlternativeicouldibeicontaminatedu
becauselitiwillioriginateifromutheinearisurfaceimaterials.uwDisposaliofitheseu
typesiofisoilstisifurtherudiscussediiniAppendixiU,iHazardousiMaterialsu
DisciplineiReport.muNoncontaminatedusoilsimayubeiusediasilandscapingufillufory
otheriareasiofitheuproject.wlmpactsiforispoilsihandling,uhauliroutes,iandu
stockpilesiwillibeisimilaritoithoseupresentediforitheiRebuildiAlternativeu(seeu
Sectionu6.2.1).u

Fill Embankments

TheufilllemmbankmentsiforitheiTunneliAlternativemwillibeiconstructeduusingu
MSEwallsitouretainithelembankmentisides.uBasedionuthelavailablelsiteu
geologiciinformation,utheufilliembankmentsiconstructeduinutheisouthiandialongu
portionsiofitheiwaterfrontiwillibeulocatedioverisoftiground.uwSinceuthel
locationsiofitheuMSEifilliembankmentsiareusimilaritoithoseuthatiwillibey
constructediforitheiRebuildianduAerialiAlternatives,iconstructioniimpactsivwilly
beusimilaru(seeuSectionu6.2uiandiSectionu6.3).u

Cuts into Slopes
Aucutiwilluibewrequireduinitheuslopeibelowithelexistinguviaductiinitheuwvicinityuofu
StewartuStreetitouretainitheinewuroadway.wlmpactsiforicutsiintouslopesiwil libeu
similaritoithoseloutlinediforitheiRebuilduAlternativeu(seeiSectioni6.2.2).u
Constructionuinuthewvicinityuofislopesicoulduresultiinishallowusloughinguofitheu
slopesiduringuconstructionuifitheiexcavationuisicutitoousteeplyuorinotuproperlyu
supported.uDependingionutheusoiliandigroundwatericonditions,ideeperislopel
failuresicouldualsouoccur.wAsitheuretaininguwalliforitheucutiisiconstructed,u
slopetfailuresicouldioccuriifupropericonstructionupracticesiareunotifollowed.w
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Additionaliimpactsurelatingutoutheuretaininguwalliforithisicutiareupresenteduinu
theufollowingusection.u

Temporary and Permanent Retaining Walls

Numerousiretaininguwallitypesimayubeiselectedutouretainusoilsiforitheucutiand:
coveritunnels,iboatisections,islopeicuts,ilandiotheritemporaryiandipermanenti
excavations.uRetaininguwallitypesithatumayubeiuseduincludeusoldierupileiandu
laggingiwalls,isoilinailiwalls,uicantileveriClPuconcretemwalls idiaphragmuwalls,u
andugravityuwalls.wSomelimpactsiforuretaininguwallitypesiandusoilinailsiandu
tiebacksihavelalreadyubeenupresentediforitheiRebuilduAlternativeu(seeuSectionu
6.2.2)ianduithetAerialiAlternativeu(seeiSectionu6.3.4).wAdditionaliimpactsiforu
diaphragmuwallsiareudiscusseduinitheifollowinguparagraphs.u

Diaphragmuwallsiwillibeiuseditoisupportitheisidesiofitheicuttandicoveri
tunnel.uDiaphragmuwallsiforitheicutiandicoveritunnelsicouldibeiconstructedu
usinglainumberuofimethods,lincludingudeepusoilimixediwalls,islurryuwalls,u
secantupilemwalls,sjanditangentupilenwalls.ulniadditionutoisupportingiexcavationu
sidewalls,udiaphragmuwallsiarelimpermeableu(preventitheipassagelofiwater),u
thusireducingugroundwateruinflowuintolexcavations.uAftericonstruction,iareasl
betweenuoriadjacentitoudiaphragmuwallsiwillubeiexcavated,ianditheidiaphragmu
walliwilliservelasiairetaininguwalliforiaucut.wThewdiaphragmuvwvalliretainingu
wallicouldibeucantilevered,itiediback,ioriinternallyubraced.mwAsipreviouslyu
stated limproperidesignuoriconstructionuofitheuidiaphragmuwall sincludingutheu
tiebacksuorubraces,icoulduresultiiniexcessiveulateralidisplacement,isettlement,u
andisubsequentiloadinguofiadjacentigroundiandinearbyuroadways,irailways,l
utilities,landustructures.l

ConstructioniofitheicutrandicoveritunnelifromuS.iWashingtoniStreetitou
VirginiaiStreetiwillibeinearithelexistingiseawall.uBetweenuS.iMainuStreetiandu
YeslerniWay itheiwestidiaphragmuwalliforitheicutrandicoveritunneliwilliextendu
beyondithelexistinguiseawalliintouElliottuBay.wForuthisicase,isteelisheetupilesiwilly
likelyibeidrivenuinutheiwateriandufilluplacedibetweenitheisheetipilesiandutheu
seawallitouallowuforiconstructionuofitheudiaphragmuwall.uSilticurtainsiwilly
likelyibeuinstalleduduringiconstructionutouprotectioveralliwateruquality.u
Vibrationucausedubyudrivinguofisheetipilesicouldidamageitheuexistinguseawallu
andiadjacentiroadways,uutilities,landustructures.u

Foundations
TheiTunneliAlternativelincludesideepufoundationsiconsistinguofidrilledushaftsu
tousupportithesaerialistructures.wlmpactsiforudrilledushaftsiwillubeussimilarutou
thoseupresentediforitheiRebuildiAlternativeu(seeuSectionu6.2.2).u
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Ground Improvement

TheiTunneliAlternativelincludesiperformingugroundiimprovementiaroundy
foundationsiforithelaerialistructurelanduportionsiofithelapproachufillsilocatedu
southuofiS.uDearborniStreet.wGroundiimprovementicouldiconsistiofiau
combinationuofideepusoilimixing,ljetigrouting,iand/oruvibroireplacementi
(stoneucolumns).uwlmpactsiforitheseigroundiimprovementimethodsiareusimilary
touthoseupresentediforitheiRebuilduAlternativeu(seeiSectioni6.2.2).u

Removal of Existing Structures
TheiTunneliAlternativelincludesiremovaliofistructuresithatimayuhaveuvariousi
typesiofifoundationielements.uwlmpactsiforiremovaliofiexistingustructuresiwilly
beusimilaritoithoseidiscussediinitheiRebuilduAlternativeu(seeiSectioni6.2.2).u

6.4.3 North Waterfront — Pike Street to Myrtle Edwards Park

Broad Street Detour

TheiTunneliAlternativelincludesiuselofitheiBroaduStreetiDetouriduringu
construction.wConstructioniimpactsiwillibeisimilarutoithoseupresentediforitheu
AerialiAlternativeu(seeiSectioni6.3.3).u

Option: Battery Street Flyover Detour

Anotherioptioniwouldiconsideritheiconstructionuofiaifourzlane, stemporaryu
bridgeithatiwoulduparallelithelexistinguviaduct.wThisibridgeimwouldubeu
constructeduiwestiofithelexistinguviaductiandiwouldiextendifromuaboutiUnioni
oriPikeuStreetitoitheuBST.uThisubridgeiwouldiextendioverithelexistinguArti
InstitutelofiSeattleubuildinguatiitsihighestupoint.wSinceuthisuisiaitemporaryu
structure,itheibridgemwillibeidesigneditolappropriateuseismicicriteriau
protectivelofulifeisafetyibasedionuthelexpectedidurationiofitheustructure.uw
ConstructioniimpactsiwoulduibeusimilaritoithoseupresentediforithesAerialu
Alternativei(seelSectionu6.3.3).uu

6.4.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

TheiTunneliAlternativelincludesiaufire/lifeuisafetyiupgradeutoitheiBST.wTheu
upgradeutouitheiBSTuwilliincludelextensionuofibothuportalsiandiconstructionuofu
severaliemergencyuegresses,ifanienclosures,jandiventistructures.mwConstructionu
impactsiwillibeusimilaritoithoseudiscussediforitheiAerialuAlternativeu(see
Sectionu6.3.4).

Widened Mercer Underpass

TheiTunneliAlternativelincludesireestablishinguauportionuofitheusurfaceustreetu
griduinitheiSouthiLakeiUnioniareainorthuofitheiBST.wAtThomasiStreet,iau
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singlerspanuoverpassistructureuwillibeiconstructeditolextendioveriSRu99.uTheu
bridgewwillubeisupportedionufilliembankmentsiatithelabutments,iwhichuwillubeu
retainedibyiMSEuiwalls.ulniaddition,ithelexistingiboatisectionialongiMerceru
Streetuwillubewwideneduitolaccommodateladditionalutraffic.uTheuwidenedu
roadwayuwillirequirelaniexcavationuthatiwillibeisupportedibyusecantupileu
walls.ulniaddition,ithelexistingudepressediBroadiStreetiroadwayuwillubel
backfilledibetweenuFifthuAvenueiN.ilandiEighthuAvenueiN.itoureestablishu
additionalisurfaceustreeticonnections.uConstructioniimpactsiwillibertheisameu
asithoseudiscussediforithetAerialiAlternativei(seeiSectioni6.3.4).u

6.4.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuild

ForutheiTunneluAlternative,ithesexistinguseawalliwillubeurebuilt.wTheuseawally
willibeureplacedibyitheicutrandicoveritunnelsibetweenuS.iWashingtoniStreetu
anduwVirginiauStreet.uwThewremainderiofitheiseawallitoitheisouthiandinorthiwilli
beureplacedibyuusinguaicombinationuofidrilledushaftsiandujetigrouting,iandu
constructioniimpactsiwillibeisimilaritoithoseudiscussediforitheiRebuildu
Alternativel(seeuSectionu6.2.5).u

6.5 Bypass Tunnel Alternative

TheuBypassiTunneliAlternativeiwilliincorporateimoreuofitheusurfaceustreetsu
thanitheupreviousialternatives,ibutiwillialsolincludeiaerialistructures,iboatu
sections,landicutiandicoveritunnelsiiniseveraliareas.uThelalignmentigenerallyu
followsithelexistinguSRi99ualignmentiandiextendsifromuaboutuS.uHanfordu
StreetuitoiValleyuStreet.wThisialternativelalsolincludesiupgradingutheiBSTuandu
rebuildinguthetAlaskaniWayuiSeawall.uw

ThewBypassiTunneliAlternativeiwillibeiconstructedibasedionutheuprojectuplansy
usinguBMPsiappropriateiforitheuprojecti(\WSDOTiand/oriCityuofiSeattle).wlfu
subsurfaceiconditionsiencounterediduringuconstructionuatitheusitelareudifferenty
fromuthoselassumeduinitheidesign,ifutureiunanticipatediimpactsitoutheusiteu
coulduoccur.u

6.5.1 South - S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

TheuimainuroadwayiforitheiBypassiTunneliAlternativeiwillibeginuatigradesfromu
S.HanforduStreetitoyjustuinorthuofiS.uIRoyaliBroughamiWay.uSeveralirampsi
alonguthisuisectionuwilliexitifromitheimainuroadwayuoveriaifilliembankmenty
transitioningutolaniaerialistructure.wTheseirampsiwilliextendiapproximatelyu
parallelitoithelexistinguroadwayufromuaboutiS.iMassachusettsiStreetitounorthuofu
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S.IRoyaliBroughamuWay.uTheufillliembankmentsionueitherisidelofitheirampsu
willibeisupportediwithuiMSEuwalls.uTheuaerialistructuremwilliextendifromi
aboutiS.uAtlanticiStreetitouS.iIRoyaliBroughamiWayuandiwillibeisupportedubyu
largerdiameterudrilledushafts.uGroundiimprovementiwillubeiperformedu
aroundutheudrilledishaftifoundationsianduforutheufirstil00ifeetiofieachuMSEu
walliapproachufill.wOverpassistructuresisupportedionudrilledishaftu
foundationsiwillialsoubeuconstructeduiatuS.uAtlanticiStreetianduS.uRoyalu
BroughamuWay.uTheiabutmentsiofitheseloverpassistructuresiwilliconsistiofu
MSEi1wallisupportedifilliembankments.uToutheiwestiofitheuiroadway itheseu
overpassistructuresiwilliconnectitolairoadwayuthatiallowsiforuferryutrafficu
goingutoiColmanuDock.uThistalternativeuisisimilaritomwhatiisibeinguproposedu
foruitheuiRebuilduAlternative;itherefore,iconstructioniimpactsiwillibeisimilaru(seeu
Sectionu6.2.1).uw

AulpermanentiwateritreatmentufacilityuwillibeulocatedudirectlyunorthiofiS.uRoyalu
BroughamiWayualongiFirstiAvenuelS.uThisifacilityiwillirequirelaulargeu
excavationuforiaul,0001footrlong,i681footideepuiundergroundiholdingutanki
locatedualonguFirstiAvenueuS.inorthuofiS.uIRoyaliBroughamiWay.uwDewateringu
maylalsoubeuperformediforitheiconstructionuofitheiwateritreatmentufacility.w
Impactsiforiexcavationiandidewateringiwillibeisimilaritoithoseidiscussediforu
theiTunneluiAlternativei(seeiSectionu6.4.1).u

Theuproposedipermanentiwateritreatmentufacilityuwillirequireiaideepuretainingu
wallitouisupportitheusidesiofithelexcavation.uRetainingiwallity pesithatimayubeu
usediincludeusoldieripilelandilagginguwalls,isoilunailiwalls,uicantileveriCIPu
concreteuwalls,udiaphragmuwalls,iandigravityuwalls.uTiebacksuorisoilinailsimayu
bewuseditouprovideisupport.uwlmpactsiforithesewwallitypesiareisimilaritoithoseu
discussediforitheiRebuild,uAerial iandiTunneliAlternativesi(seeiSectionsi6.2.1,u
6.3.1,uandu6.4.1).u

Theuwateritreatmentifacilityuwilluincludeithewuselofideepifoundationsi
consistinguofidrilledushaftsioriClPuconcreteupilesitouisupportuupliftiforcesionitheu
baseuslabuofitheiundergroundifacility.mwlmpactsiforudrilledishaftsianduCIPu
concreteupilesiwillibeisimilarutoithoseidiscussediforitheiRebuilduAlternativeu
(seeuSectionu6.2.1).u

Spoilsiconsistiofisoilithatiisiremovedifromianiexcavation,isiteigrading,igroundi
improvement,loriothericonstructionuactivity.uwrForitheiBypassiTunnelu
Alternative,labouti400,000ucubicuyardsiofimaterialiwillibeigenerateduinitheu
southuarea.mlmpactsiwillibeisimilaritouthoseupresentediforitheiTunnely
Alternativel(seeuSectionu6.4.1).uw
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6.5.2 Central - S. King Street to Battery Street Tunnel

Side-by-Side Tunnel and Side-by-Side Aerial

NorthuofiS.IRoyaliBroughamiWay itheumainuroadwayiwillidescenduintouaiboatu
sectionutoljustisouthuofiS.uKinguStreet.wFromuthisipointion,itheiroadwayiwillibeu
inauicutzandicoveritunnelisimilaritoutheiTunneliAlternativeu(seeuSectionu6.4.2)..u
TheucutrandicoveritunneliwilliextendutoyjustinorthuofiUnionuStreet.uw
Diaphragmuwallsiwillibeiuseditoisupportitheusidesiofithertunnel.wFromuS.i
KinguStreetitolaboutiYesleriWay itheitunneliwillishiftialignmentiuntiliitimeetsu
thelexistinguseawallinorthuofiYesleriWay.uFromuY esleriWayutoujustinorthiofi
UnionuStreet,itheinewicutiandicoveritunneliwilliserveiasithewreplacementiforu
theuseawall.uBetweenuS.uiMainuStreetianduY esleriWay itheiwestiwalliforitheicuts
andicoveritunnelwilliextendibeyondithelexistinguseawalliintolElliottuBay.wTheu
cutrandrcoveritunneliforitheiBypassiTunneliAlternativeidoesinoticontainuast
manyutravelilanesiasitheiTunneliAlternative jandithereforeiwillibeulocatedu
completelyuwestiofithelexistinguviaduct.wVentistructuresiwillibeiconstructeduiny
thewvicinityuofiS.wWacksoniStreet,uiCherryuStreet,uinorthuofiSpringuStreet,uandu
northuofiUnionuStreet.uNouaccessirampsiwillibeiprovidediinitheicutrandicoveru
tunneliarea.

NorthiofiUnionuStreet,itheiroadwayuwilliremainuiniaicutzandicoveritunneli
untilyjustuinorthuofiPikeuStreet,iwhereuitiwillitransitionuitolatboatisectioniandi
thenuanuaerialisectioniextendinguaboveithelexistingiBNSFurailroadutracksiandu
connectingutoitheuBST.wTheutransitionithroughutheiboatisectioniwillirequireuau
verticalicutiintouthelexistinguhillsideibelowithelexistinguviaduct.uThisicutiwillu
beisupportedibyuauretainingiwalliwithitiebacks.ulLargerdiameterudrilledushaftsu
willisupportithelaerialistructureisouthuofitheiBST.wAnuexistinguretaininguwallu
adjacentitoitheiBNSFurailroadutracksiwillubewrelocatedufartheribackuintoutheu
slopeubelowithelexistinguviaductitouprovidelaccessiforitheuaerialistructure.u
VentibuildingsiwillibeiconstructediinuthewvicinityiofiVirginiaiStreetianduBellu
Street.

ConstructioniimpactsiforitheiBypassiTunnelialternativeiwillubeisimilarutoitheu
TunneliAlternativeu(seeiSectionu6.4.2).wAbouti850,000ucubicuyardsiofumaterialu
willibeugeneratedufromusitesdemolition,uexcavationsi(primarilyitheuboatu
sectionsiandicutiandicoveritunnels),ifoundationuinstallation,iandigroundu
improvement.uPotentialimpactsiresultingifromudisposaliofispoilsiwillubeu
similaritoithoseupresentediforitheiTunneliAlternativeu(seeiSectioni6.4.2).uu
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6.5.3 North Waterfront — Pike Street to Myrtle Edwards Park

Broad Street Detour

TheuBypassiTunneliAlternativelincludesiuselofitheiBroaduStreetuDetouriduringu
construction.wConstructioniimpactsiwillibeisimilaritoithoseupresentediforitheu
AerialiAlternativel(seeiSectionu6.3.3).u

Option: Battery Street Flyover Detour

Anotherioptioniwouldiconsideritheuconstructionuofiaifourilane,itemporaryu
bridgeuithatiwoulduparallelithetexistinguviaduct.uThisubridgeiwouldibel
constructediwestiofithelexistinguviaductiandiwoulduextendifromuiaboutiUnionu
oriPikeuStreetitoutheuBST.wThisibridgeiwouldiextendioveruthelexistinguArti
InstitutelofiSeattleibuildinguatiitsihighestupoint.uSinceuthisuisiaitemporaryu
structure,ithelbridgemwillibeidesigneditolappropriateiseismicicriteriau
protectivelofulifeusafetyibasedionuthelexpectedidurationuofitheustructure.u
ConstructioniimpactsiwoulduibeusimilaritoithoseupresentediforithesAerialu
Alternativel(seeiSection6.3.3).uu

6.5.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

ThewBypassiTunneliAlternativelincludesuaufire/lifeisafetyuwupgradeutouitheiBST .u
ThewupgradeutoitheiBSTuwilliincludelextensioniofibothuportalsiandu
constructionuofiseveraliemergencyuegresses,ifanienclosures,iandiventy
structures.uConstructioniimpactsiwillibeisimilaruitoithoseudiscusseduforutheu
AerialiAlternativei(seeiSectionu6.3.4).u

Widened Mercer Underpass

TheuBypassiTunneliAlternativelincludesireestablishinguauportionuofitheusurfaceu
streetugriduinitheiSouthiLakeiUnionuareainorthuofitheiBST.wTheuproposed
improvementuisitheisameuasitheiTunneliAlternative;itherefore,uiconstructionu
impactsiwillialsoubeutheisameu(seeuSectionu6.4.4).u

6.5.5 Seawall - S. King Street to Myrtle Edwards Park

Rebuild

Asiwithithelotherialternatives,itheiBypassiTunneliAlternativelincludesu
replacementiofiportionsiofitheiseawall.uTheuseawalliwillibeireplacedibyuthe
cutrandicoveritunnelibetweenuS.iWashingtonuStreetianduiUnionuStreet.wTheu
remainderiofitheiseawallitoitheisouthiandunorthiwillibeureplacedubyuusinguau
combinationuofidrilledushaftsiandijetigroutingusimilaritoutheiTunnelu
Alternative.wConstructioniimpactsiwillibeitheisameuasithoseupresenteduforutheu
TunneliAlternativel(seeiSectioni6.4.5).u

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
GeologytanduSoilsiTechnicaluMemorandumu 91w
DraftiElSu



6.6 Surface Alternative

TheuSurfacelAlternativeiwilliconsistiofiprimarilyiatigradeiroadwaysisouthuofu
theuBST.wuNumeroustrailroadufacilitiesiwillurequireurelocationuforiconstructionu
ofithisialternative.uTheuSurfacetAlternativeiwillialsolincludelaerialistructures, i
boatusections,landicutrandicoveritunnelsiinisomelareas.uTheualignmenty
generallyifollowsitheiexistingiSRu99ialignmentianduiextendsifromuaboutuS.u
HanforduStreetitouRoyuStreet.wFromiaboutisouthuofiS.uiSpokaneiStreetitolabouty
S.HanforduStreet,ithelexistingurailroaduyardufacilitiesiwillubeurevisedutou
accommodateitheinewiroadway.uThisialternativelalsolincludesiupgradinguthel
BSTuandurebuildingithetAlaskaniWayuSeawall.ui

TheuSurfacelAlternativeiwillibeiconstructedibasedionutheuprojectuiplansiusingu
BMPsiappropriateuforitheuprojectu(WSDOTiand/oriCityuofiSeattle).ulfu
subsurfaceiconditionsiencounterediduringiconstructionuatitheusitesareidifferentu
fromithoselassumeduinutheudesign,ifutureiunanticipatediimpactsitoutheusiteu
coulduoccur.u

6.6.1 South —S. Spokane Street to S. King Street

At-Grade with SR 519 Elevated Ramps

ThisualternativeuisisimilaritoiwhatiisibeinguproposediforitheiRebuildu
Alternative.wlmpactsiwillibeisimilaritoithoseldiscusseduiniSectionu6.2.1.u

Option: SR 99 At-Grade with SR 519 Ramp Connections At-Grade

TheimainuroadwayuforitheiSurfacelAlternativeiwouldibelatigradeifromuS.i
HanforduStreetitoljustinorthuofiPikeuStreet.wAtigradeicrossingsivwouldibelS.u
AtlanticiStreet,iS.IRoyaliBroughamiwWay iS.iIKinguStreet,uandiseveraliadditionalu
streetsitoutheuinorth.uForuferryuaccess,janiaerialistructureivwouldibeuconstructedu
alonguColumbiauStreetiextendinguoverithelatigradeiroadway.wThisiaerialu
structureiwouldibeisupportedibyudrilledishaftsiand/oriClPuconcreteupiles.u
Thistoptionuincludesifeaturesithatiareialsolincludeduiniotherialternatives.u
ImpactsiwouldigenerallyibeitheisametasithoseupresentediforithetAerialu
Alternativel(seeiSectionu6.3.1).uSpoilivolumesiwouldubetonithelorderuofi
430,000ucubicuyards.mConstructioniimpactsirelateditoiexcavationianduspoil
handlingiwouldubeisimilaritoithoseupresentediforithelotherialternatives.u

Thisualternativesalsolincludesiaipermanentiwateritreatmentufacilityuthatiwouldu
beuconstructeduinorthuofiS.uiRoyaliBroughamiwWay.wlmpactsirelatedutoithemwateru
treatmentufacilityiwoulduibeusimilaritouthoseupresentediforitheiBypassiTunnely
Alternativel(seelSectionu6.5.1).u

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
GeologytanduSoilsiTechnicaluMemorandumu 92u
DraftiElSu



6.6.2 Central — S. King Street to Battery Street Tunnel

At-Grade Signalized and Side-by-Side Aerial

Theualignmenticontinuesiatigradeithroughimostiofithisiarea.wThelexistingu
pedestrianubridgelalonguMarioniStreetiwillibeurebuilt.uSenecauStreetuwillubey
connecteditouthelatigradeiroadwayubyuanuaerialistructureiconnectingutouaufil lu
embankment,iextendingutouthelatigradeiroadway.wMSEuwallsiwillisupportitheu
filllembankment.uBetweenuaboutiPikeuiStreetianduPineuStreet,itheiroadwayu
gradeuwwilliascendiontouaifilliembankmentisupportedibyiMSEuwalls.winitiallyu
theuMSEwwalliwillibeulocatedualongutheleastisidelofitheuroadway ibutiasitheu
roadwayicurvesitoitheinortheast,uigradeichangesiwillirequirelaniMSEuwalliony
thewwestisidelofitheiroadwayuonly.wFromijustisouthiofiPineuStreet,itheu
roadwayuwillisplitianduremainuatigradesalonguAlaskaniWay uandithenuriseutou
aniaerialistructurelextendingutowardsitheiBST.u

TheuaerialistructureinorthuofiPineiStreetiwillibeulocatedialonguthelalignmentiofu
thelexistingiviaductiandubeisupportedibyulargeidiameterudrilledushafts.uwAerialy
ramps,isupportedibyudrilledishafts,uwilliextenduitolElliottuAvenueineari
BlancharduStreet.uBetweenuBelliStreetiandiBatteryuStreet,ithelaerialistructureu
williconnectitolaniMSEuwalliapproachufill iwhichiwilliconnectitoutheuexistingu
BST.uw

ConstructioniimpactsiforitheuproposeduifeaturesiofitheiSurfacetAlternativemwilly
beusimilaritoithoseudiscussediforitheiAerialiAlternativei(seeiSectionu6.3.2).u
Spoilivolumesiwillibeionithetorderiofil30,000ucubiciyardsiforuthisiarea.u
Constructioniimpactsiforuispoilihandlingiwillibeisimilaritoithoseupresenteduforu
thetAerialiAlternativei(seeuSectionu6.3.2).u

6.6.3 North Waterfront — Pike Street to Myrtle Edwards Park

Broad Street Detour

TheuSurfacelAlternativelincludesiuselofitheiBroadiStreetuiDetouriduringu
construction.wConstructioniimpactsiwillibeisimilaritoithoseupresentediforitheu
AerialiAlternativel(seeiSectionu6.3.3).u

6.6.4 North — Battery Street Tunnel to Ward Street

Battery Street Tunnel Improvements

SimilarnitoitheiTunneliAlternative,itheiSurfacetAlternativelincludesiaufire/lifeu
safetyiupgradeutoitheiBST.uThewupgradeutoitheilBSTuwilliinvolvelextensionuofi
bothuportalsiandiconstructioniofiseveraliemergencyuegresses,ifanienclosures,\
anduwventistructures.wlmpactsiwilluibetsimilaritoithoseudiscussediforithesTunnelu
Alternativeu(seeiSectionu6.4.4).u
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Widened Mercer Underpass

TheuSurfacelAlternativelincludesireestablishinguauportionuofitheusurfaceustreetu
griduinitheuSouthiLaketUnionuareainorthuofitheulBST.wTheuproposedi
improvementuisitheisameuasithetAerialiAlternative;itherefore,iconstructionu
impactsiwillialsoubeitheisamei(seeiSectionu6.3.4).u

Option: Existing SR 99 with Added Signals at Roy, Republican, and Harrison Streets

Anotherioptionibeingiconsiderediincludesireestablishinguauportionuofitheu
surfaceustreetigriduinitheiSouthiLakeiUnionuareaubyubackfillinguthesexistingu
depressediBroadiStreetiroadwayufromiFifthuAvenueuN.itoilEighthuAvenueiN..u
SomelrealignmentiofiMerceniStreetianduRoyuStreetiwouldialsoubeuperformedi
alongutheleastisidelofiSRi99.uConstructioniimpactsiwouldibeisimilarutoithoseu
discussediforithetAerialiAlternativeu(seeiSectioni.3.4).u

6.6.5 Seawall - S. King Street to Myrtle Edwards Park

TheuexistinguseawalliwillubeurebuiltifromuS.uKinguStreetitouBayuStreetibyuusinguau
combinationuofidrilleduishaftsiandujetigrouting.wConstructioniimpactsiwillubeu
theusamelasithoseupresenteduiforitheiRebuilduAlternativeu(seeiSectionu6.2.5).u
Spoilivolumesiwillibetonuthelorderiofi230,000ucubicuyardsiforitheiseawallu
rebuild.u

U
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Chapter 7 SECONDARY AND CUMULATIVE IMPACTS

Secondaryuimpactsiarelimpactsithatiareicausedubyutheuprojectibutioccurilateruinu
time.wCumulativelimpactsiareithoselimpactsithat,iwhenicombineduiwithuy
neighboringuprojects,umayuleaditolaicumulativeleffectionithelenvironment.uw

ForiallialternativesiexceptiforithetAerialiAlternativeiSeawalliFrameiOption,iau
positivelimpactiofirebuildingutheiseawalliisithatidamageutoustructuresiandu
utilitiesuidueutouliquefactionuiandicollapseuofitheucurrentiseawalluiwillubeu
mitigated.u

AssociatediwithuallialternativesiexceptitheiAerialiAlternative,lairemotel
holdinguareaiforitWashingtonuStateuFerriesiwillibeiconstructedibetweeniS.u
RoyaliBroughamiWayiandiS.iKinguStreetineariTerminali46.uThisiconstructioni
mayubeuperformediconcurrentlyiwithitheiproposeduproject,iandithereforeimayu
resultuinueitherisecondaryuoricumulativelimpacts.uConstructionuofitheuferryu
holdinguareaiwillirequireiremovaliofitwouexistingustructuresiatiTerminali46u
anduPieri48.uNewwstructuresiforitheiferryuiholdingufacilityumayurequireigroundu
improvementsitoumitigateuliquefaction.mlmpactsiassociatediwithugroundu
improvementsiwouldibeusimilarutoitheiconstructioniandioperationiimpactst
presentedupreviouslyu(seeiSectionu6.2.1).u

Erosioniandisedimentitransporticouldihavelaicumulativeleffectiifineighboringu
projectsiareiconstructediatitheisameitimelasithelAlaskaniWayuViaductiproject.u
ThisucoulduresultiinuhigherisedimentidepositiintouElliottuBayuoritheiDuwamishu
Waterway.uCumulativeleffectsiofierosion,isedimentitransport,ispoilsihauling,u
etc.,icouldiworsenitheiconstructioniandioperationiimpactsipreviouslyu
presented.uForiexample ifistructuresiorufillsiofiadjacentuprojectsiareuplacedu
nearitheifillsiorifoundationsiofitheiwviaduct,igroundimovementsicouldubel
increasedianduresultiinuincreasedidamageutouutilitiesioriotherinearbyu
structures.uw

U
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Chapter 8 OPERATIONAL MITIGATION

Mitigationumeasuresiforitheloperationiimpactsiareibasedionitheusiteu
informationianduistandardudesigniandiconstructionuproceduresiiniuselatitheu
timeuofithisimemorandum.wAlliimpactsicouldibeimitigated uasidiscusseduinu
theufollowingusections.uw

Theugeologynianduisoilsirelatedifeaturesiofieachialternativeiwillibelevaluatedu
byuaniexperiencedigeotechnicaliengineeriwhouwilliprovidelappropriateidesignu
recommendationsiconsideringitheisubsurfaceiconditionsiinitheuprojectiareasasu
disclosedibyutheufieldiexplorations.uTheseidesignirecommendationsiwillitakeu
intolaccountitheloperationlimpactsianduprovideimitigationuforitheselimpactsi
unlessiotherwiseldirectedibyiWSDOTiandutheiCityuofiSeattle.u

Theuprojectiwillibeidesignedibaseduionithelavailableisubsurfacelinformation,u
designuproceduresiandicriterialapprovedibyiWwSDOTianditheiCityuofiSeattle,u
anduthelexistingusiteiconditions.uToladequatelyudefineisubsurfaceiconditionsi
foruitheuprojectifeatures,ladditionalisubsurfaceidataiwillibeucollected.mlnu
general upriorutoidesigniandiconstructioniofitheuprojectifeatures,isubsurfacel
informationuwilluibelobtainediatifoundationulocations,ialonguproposedifilliandu
cutulocations,landuatitheulocationsiofiotheruprojectifeaturesisuchuasisupporti
buildings.uThisiwillupartiallyumitigateutheupotentialiofiunknownusubsurfacel
conditionsiaffectingutheiconstructionuorulifelofitheuproject.uuw

8.1 Mitigation Common to All Alternatives

Mitigationumeasuresicommonutouallialternativesiforitheiwvariousiimpactsi
includediiniChapterisiareupresenteduinutheufollowinguparagraphs.uw

Erosion and Sediment Transport

Drainagelfeaturesiforitheuproposedialternativesiandioptionsishouldubeu
properlyidesigneditoicontainuthelanticipateduisurfacewrunoffifromutheusiteu
featuresioveritheullonguterm.uwProperidesigniandiconstructionuofitheseufacilitiesu
willimitigateupotentialierosioniandisedimentitransportiontoladjacenty
properties,iroadways,itracks,ioriwateribodies.u

Seismic Considerations

Site1specificuiseismicudesignucriteriaiwillibeidevelopediforitheuproject.wTheu
seismicudesignucriteriaiwillibeiuseditoudetermineidepthsiofiliquefactionuaty
variousilocationsialongitheialignment.wEstimatesiofulateralispreadinguwillualsou
beideveloped.uToimitigateuliquefactionialongutheuprojecticorridor,igroundu
improvementiwillibeuperformeduiniareasivwhereuliquefiableusoilsiareuipresent.u
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Groundiimprovementiwilliconsistiofisomeutypeloricombinationuofisoily
reinforcementisuchuasideepusoilumixing,ljetigrouting,uand/oruvibroz
replacementi(stoneiwcolumns).wOtherimethodsisuchuasidynamicideepu
compactioniwillinotibeisuitableibecauselofitheidevelopedinaturelofitheusite.u

Utilities
Numerousiexistingiabovelgradelandiundergrounduutilitiesiwillibelimpactedu
byutheuproject.uForuutilitiesithatuarellocatedibeneathuproposedifillsioru
foundationsioriinugroundiimprovementiareas,irelocationuwillulikelyubeu
required.ulnuareasiwhereurelocationuisinotifeasible,itheulocationsiofifoundationu
elementsicouldibeimoved.wUndergrounduutilitiesibeneathiandinearufillsimayu
settletanduareutdiscusseduinitheunextisection.uwAbandoneduutilitiesishouldubeu

backfillediwithuicementigroutioriotherisuitableibackfillumaterialsisouthatitheyu
cannotibecomeiconduitsiforivwateruorigases.l

Fills and Fill Embankments

Mitigationuforitheloperationiimpactsirelateditoufilliembankmentsimusty
considerutheiproposedisettlements,ilateralimovements,iandustabilitylissuesi
relateditoutheupresencelofisoft,unearisurfaceusoilsiatitheusite.wTheumitigationu
measuresiproposediforisometofithelimpactsiareusimilar.u

Fillsuwillibeudesigneditoiconsiderianticipatedusettlementiandulateralimovementy
amounts.uPotentialimitigationumeasuresiforisettlementiandulateralimovementy
includeutheufollowing:u

I  Preloaditheusitelinuareasiwhereusitelavailabilityianditimeuschedulesu
allow.u

I Performuconstructionusequencingisouthatiimpactedisettlementisensitiveu
structuresiaretinstallediafterumostiofitheufillisettlementihasioccurred.u

1 Performugroundiimprovementiiniareasiwherelexistingustructuresineedu
toubeuprotectedifromisettlement.u

I Relocatelexistinguutilitiesulocatedibeneathuiorineariproposedifillu
embankmentslifiloadsiandisettlementsiwouldicauseidamageutoutheu
utilities.wAlternatively,umonitoruutilitiesitoideterminevifisettlementu
tolerancesiareubeinguexceeded.u

1 Useulightweightifilbimaterialsiinuiareasiwhereusettlementsimustibeu
minimizediandualternativeumeasuresiareunotifeasible.u

Existingupilesiandiproposedideepifoundationsioriotheriburiedustructuresiwillu
belevaluatediforipotentialidowndraguloadsicausedibyusettlementiofiadjacentu
fills.uNewudeepifoundationsiwillibeidesigneditolaccommodateitheladditionalu
compressivelloadsicausedibyidowndrag.uwAlternatively,iconstructionu
sequencingucouldubeiperformedisouthatitheifoundationsiareuinstalleduaftery
mostiofitheusettlementidueutoutheufilllermbankmentsihasioccurred.iwAnothery
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potentialumitigationumeasureiwvouldiconsistiofiusingucasinguarounduitheudeepu
foundationstinuitheiupperusoilsitoureduceitheunegativeuskinufrictioni(downdrag)u
onutheufoundation.wForuexistingifoundations,lifiestimatedidowndraguloadsy
cannotibelaccommodated,ulightweightufillicouldibeiuseditoureduceutheu
settlementiandicorrespondingidowndrag.uwAlternatively,igroundu
improvementicouldibeuperformed.ulfitheidowndraguloadsicannotibeu
accommodatedibyitheselotherimethods,ladditionalifoundationielementsicouldu
belinstalleditouisupportithelincreaseduloads.u

Mitigationuforuslopeustabilityuofifilliembankmentsiunderiearthquakeuloadingu
couldibelachievedibyuperformingubeneathiandiadjacentitoutheufilly
embankments.wAlternatively,igeotextilesicouldibeiusediwithinutheufillimaterialy
touprovideladditionalistrengthianduresistanceutoufailures.u

Retaining Walls

Mitigationuforithelimpactsirelatedutouretaininguwallsiincludesiperformingu
properidesignuofithemwalls,udefiningitheulocationiandiextentiofiunstableusoils,u
anduusingupropericonstructionuprocedures.uForishoringiwallsioripermanentu
wallsiforiboatioritunnelisections,itiebacks,isoilinails,ioriotherubracinguimayubeu
useditolimprovelstabilityibyuprovidinguadditionalulateraluiresistanceutoutheu
earthupressuresibehindithemwall.wMinimizinguunsupportediexcavationidepthsi
willimitigateupotentialigroundimovement.uTheibaselofithemwallishouldiextendu
ausufficientuidepthuintouundisturbedusoilsisoithatiadequateupassivelresistanceuini
frontuofithemwvalliisigeneratedutouresistitheulateraliearthupressuresibehinditheu
wall.w

Foundations

LateraliloadinguofidrilledushaftsioriCIPuconcreteipilesimayuaffectiadjacentu
basementiwalls,uutilities,ifootings,lorupiles,iresultingiinidamageitouthelexistingu
structures.uProperidesignuproceduresimustibeifolloweduitoiensureuthatitheu
lateralupressuresidounotiexceeditheicapacityuofithelexistingustructures.uOtheru
mitigationumeasuresithaticouldibeiconsiderediincludelimprovingutheladjacentu
structuresitolaccommodateitheiadditionaliloads,umovingifoundationielementsi
fartherifromuexistingustructures,land/oriperformingugroundiimprovementitou
distributeiloading.u

Shallowifootingsimayubeuusediforisupportistructurestinisomelareas.uSpreadu
footingsithatiareulocatediadjacentitouexistinguwalls,uutilities,uoriotherustructuresu
shouldibeuproperlyidesigneditouconsideriadjacentuifacilities.wTypically,itheu
verticaluloadionuarfootingiwouldudistributelitselfisuchuthatiatiaigivenuidepth,l
loadifromutheufootinguextendsioutiaidistanceifromitheledgesuofitheifootingu
equalitou50utoul00upercentiofithatudepth.uwlfiloadinguonuadjacentufacilitiesuisuau
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concern,itheifootingucouldibeideepenediorimovedifurtheriawayufromutheu
adjacentufacility.uu

Groundwater

Groundwaterimoundingumayualsouoccuriinlanduofitheurebuiltiseawall.w
Groundwateribuildupumayubeigreaterithanu0.5ufootu(relativeutouprer
constructionuigroundwaterilevels)ialongutheiwaterfrontubetweeniaboutiPikeu
StreetianduS.iWashingtoniStreet,iextendinguinlanditoliaboutiFourthuAvenue.uw
Baseduonusubsurfaceiconditionsiandisurfaceitopography iaimaximumu
groundwateribuildupuofiapproximatelyu3itoidifeeticouldioccurialongutheu
waterfrontiinithewvicinityiofiMadisoniStreetiandiMarioniStreet.uWithinutheu
vicinityuofitheuseawall,upotentialigroundwateribuildupuofithisuimagnitudeu
wouldibewwithinithelexistingugroundwaterufluctuationsuresultingufromutidesuinu
ElliottuBayithatihaveibeeniobservediinishallowimonitoringuwellsialongutheu
waterfront.uw

Ground Improvement

Groundiimprovementimethodsisuchuasivibroireplacementi(stoneicolumns),i
deepusoilimixing,landijetigroutingishouldibeuproperlyidesignedusouthatu
liquefactionuisimitigated.uProperuiconstructionitechniquesiandimonitoringuofu
theuconstructionuqualityushouldibeuperformeditouconfirmithatitheudesiredu
degreelofigroundiimprovementiisibeingiachieved.uForiexample,iwithustoneu
columns,idensityitestsiusingutheiconeipenetrometericanibeiperformedibeforel
anduafterithelimprovementitouiconfirmitheidegreeiofigroundiimprovementy
achieved.uForudeepusoilimixinguandijetigrouting,icoreisamplesicanubelobtainedu
ativariousidepthsianditesteduforistrength. i

8.2 Rebuild Alternative

TheuRebuilduAlternativeiwillibeidesignedibasedionuavailableisubsurfacel
information,idesignuprocedures,icriterialapprovedibyiWwSDOTianduitheuCityuofu
Seattle,yanduexistingusiteiconditions.uwMitigationumeasuresiforierosioniandu
sedimentitransport,iseismiciconsiderations,ifills,uutilities,ufoundations,iandu
retaininguwallsiareupresentediatithetbeginninguofithisichapteribecauseitheyu
relateitoinumerousialternatives.uu

8.3 Aerial Alternative

TheuAerialiAlternativeiwillibeidesignedibasedionuavailableisubsurfacel
information,idesignuprocedures,icriterialapprovedibyiWwSDOTiandutheuCityuofu
Seattleyanduexistingusiteiconditions.wMitigationumeasuresiforierosioniandu
sedimentitransport,iseismiciconsiderations,ifills,uutilities,ufoundations,iandu

SRu99:1AlaskaniWayuViaducti&uSeawalliReplacementuProjectu Marchu2004u
GeologytanduSoilsiTechnicaluMemorandumu 100w
DraftiElSu



retaininguwallsiareupresentediatithetbeginninguofithisichapteribecauseitheyu
relateitounumerousialternatives.uwAdditionalimitigationumeasuresirelatedutou
featuresiofithetAerialiAlternativeiareipresentedibelow.i

Fill at Broad Street

Aulargetamountiofifilliwillibeuplacediandicompacteduintoutheucurrenty
depressediroadwayualonguBroadiStreet.wToumitigateupotentialilongitermu
settlementiofitheusurfaceloveritime,isuitableistructuralifillimaterialsishouldubeu
used.uwlnugeneral,ustructuralifillimaterialsishouldiconsistiofisandiandugravely
withulowufinesicontent.wTheumaterialishouldibeicompacteduinuthinuliftsitoitheu
requiredicompactionicriteriawrecommendedibyitheidesigners.ulniwetiweatheru
conditions,icleaneristructuralifillimaterialsimayubeirequired.u

Boat Sections

SomelareasiofitheiboatisectioninorthiofitheilBSTumayuextendibelowitheu
groundwaterutable.uThisiwoulduresultiinuupliftupressuresi(dueitolbuoyancy)u
onuthelbaselofitheustructures.uTheubaseuslabuofitheiboatisectionsishouldubeu
designeditolausufficientithicknessu(weight)utouresistithelanticipateduupliftu
pressure.wAdditionaliresistanceutouupliftupressuresicouldiincludeuthesuseuofu
tiedowns,ipiles,lioriotherireinforcingielements.uu

Option: Seawall Frame
Theuseawalliframeustructureishouldibeuproperlyidesigneduforithelanticipatedu
lateraliearthupressuresiunderinormaliconditionsianduiunderuseismiciconditions.u
Theustructuralidesignushouldialsoutakelintolaccountiloadsifromuadjacentu
structuresianduroadways.uTheudepthuofithemvallishouldubeuproperlyidesignedu
southatienoughupassiveuresistancemwvouldibelobtainedibelowitheubaseiofitheu
wallutouresistitheulateraliearthupressuresiandigroundwateruforcesibehinditheu
wall.uTheudrilledishaftsiincorporatediintoutherframeistructureishouldubeu
adequatelyudesignedutousupportitheitemporaryuaerialistructurelincludeduinutheu
AerialiAlternativeu(seeuSectionu5.3.5).u

8.4 Tunnel Alternative

TheiTunneliAlternativeiwillibeidesignedibasedionuavailableisubsurfaceu
information,udesignuprocedures,icriterialapprovedibyiWwSDOTuandutheuCityuofu
Seattle sanduexistingusiteiconditions.wMitigationumeasuresuforierosioniandu
sedimentitransport,useismiciconsiderations,ifills,uutilities,ifoundations,iandu
retaininguwallsiareupresentediatitheibeginninguofithisichapter.wAdditionalu
mitigationumeasuresirelateditoicutiandicoveritunnelsiandiboatisectionsiareu
presentedibelow.u
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Cut-and-Cover Tunnels and Boat Sections

Portionsiofitheicutiandicoveritunnelsiandiboatisectionsiwilliextendubelowutheu
groundwaterutable.wThisiwilluresultuinuupliftupressuresi(duestouibuoyancy)uonu
thewbaselofitheustructures.uTheubaseuslabishoulduiberdesigneditovausufficienty
thicknessu(weight)itouresistithelianticipateduupliftupressure.wAdditionalu
resistanceitouupliftupressuresicouldiincludeitheitunnelidiaphragmuwvallsiand/oru
thewuselofitiedowns,uipiles,ioriotherireinforcinguelements.u

Groundwaterimoundinguwillitoccuriinlandialongutheuboatisectionsiandicutz
andicoveritunnels.uwGroundwateribuildupimayubeugreaterithanu0.5ufootu
(relativeutouprerconstructionigroundwaterulevels)ialongutheiwaterfrontu
betweenuaboutiPikeiStreetiandiS.iWashingtonuStreet,iextendinguinlandutou
aboutiFourthiAvenue.uBasedionuisubsurfaceiconditionsiandisurfaceu
topography laimaximumigroundwateribuildupuofiapproximatelyui3itoudifeetu
coulduoccurialongutheiwaterfrontiinuthewvicinityiofiMadisonuStreetiandiMarionu
Street.wPotentialigroundwateribuildupuofithisumagnitudemwouldubeiwithinutheu
existingigroundwaterufluctuationsiresultingifromutidesuiniElliottiBay.uw
Therefore,umitigationuimeasuresiwillinotibeinecessary.uii

TheiTunneliAlternativelincludesipermanentiretaininguwallsiforitheicutiandr
coveritunnelsiandiboatisections.uMitigationumeasuresiforiretaininguwallu
impactsiwillibeisimilaritoithoseupresentediatitheibeginninguofithisichapter.u
AdditionalimitigationumeasuresirelateditoutheufillinguiniofiBroaduStreetuwillubeu
similaritoithoseupresenteduforithelAerialiAlternativeu(seeiSectionu8. 3).uw

8.5 Bypass Tunnel Alternative

TheuBypassiTunneliAlternativeiwillibeidesignedibasedionuavailableisubsurfacel
information,udesignuprocedures,icriterialapprovedibyiWwSDO TianditheuCityuofu
Seattle yanduexistingusiteiconditions.uMitigationumeasuresiforierosioniandu
sedimentitransport,iseismiciconsiderations,ifills,uutilities,ufoundations,iandu
retaininguareupresentediatitheibeginninguofithisichapter.wAdditionalumitigationu
measuresirelatedutoutheufillinguinuofiBroaduStreetuwillibeusimilarutosthoseu
presentediforitheiAerialiAlternativei(seeiSectionu8.3).wAdditionalumitigationu
measurestirelateditoicutiandicoveritunnelsiandiboatisectionsiwilluibeisimilarutou
thoseupresentediforitheiTunneluAlternativeu(seeiSectionu8.4).u

Water Treatment Facility

Thisualternativelincludesiaupermanentiwateritreatmentufacilityulocatedudirectlyu
northuofiS.uIRoyaliBroughamiWayualonguFirstiAvenuelS.ulfirequired,u
liquefactionuofitheusoilsiadjacentitoutheitreatmentufacilityuicouldubeimitigatedubyu
performingugroundiimprovementisuchuasijetigrouting,ideepusoiluimixing,ioru
stonelcolumns.wAlternatively,itheuistructureimayubeidesignedutouresistitheu
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lateralupressuresifromutheuliquefiedisoils.uwTheubaseuslabuofitheufacilityumustibel
properlyidesigneditolaccommodateuthesanticipateduupliftypressures.u
Additionaliresistanceutoiupliftipressuresicouldiincludeithelexterioridiaphragmu
walls,ipiles,uoriotherureinforcinguelements.

8.6 Surface Alternative

TheuSurfacelAlternativeiwillibeidesignedibasedioniavailableisubsurfaceu
information,udesignuprocedures,icriterialapprovedibyiWwSDOTuandutheuCityuofu
Seattle,sanduexistingusiteiconditions.wMitigationumeasuresiforierosioniandu
sedimentuitransport,iseismiciconsiderations,ifills,uutilities,ufoundations,iandu
retaininguwallsiareupresentediatitheibeginninguofithisichapter.wAdditionalu
mitigationimeasuresirelatedutoutheufillinguinuofiBroaduStreetuwillibeusimilaritou
thoseupresentediforitheiAerialiAlternativeu(seeiSectionu8.3).mwAdditionaly
mitigationumeasuresirelateditoitheuipermanentiwateritreatmentifacilityuwillubeu
similaritoithoseupresentediforitheiBypassiTunneliAlternativeu(seeuSectionu8.5).u

U
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Chapter 9 CONSTRUCTION MITIGATION

Mitigationumeasuresiforitheiconstructioniimpactsiareibasedionitheisiteu
informationiandistandardudesigniandiconstructionuproceduresiinuuselatitheu
timeuofithisimemorandum.wAlliimpactsicouldibeimitigated iasidiscusseduinu
theufollowingusections.uw

Theuconstructionuofitheuprojectiwillibelobservedibyuaniexperiencedu
geotechnicaliengineer.uThelengineeriwilliobserveitheuconstructionuactivitiesi
anduprovideirecommendationsitoiminimizeitheigeologymiandusoilsirelatedu
impacts.

Theuprojectiwillibeudesignedibasedionuthelavailableisubsurfacelinformation,u
designuproceduresiandicriteriatapprovedibyiWSDOTiandutheuCityuofiSeattle,u
andutheuexistingusiteiconditions.uTovadequatelyudefineisubsurfaceiconditionsu
foruitheuprojectifeatures,iadditionalisubsurfaceidatawwvillibeicollected.wlny
general,uprioritoidesigniandiconstructioniofitheuprojectifeatures,isubsurfacel
informationiwillibesobtainediatifoundationulocations,ialonguproposedifilliandu
cutulocations,landuatitheulocationsiofiotheruprojectifeaturesisuchuasisupportu
buildings.uThisiwillupartiallyimitigateitheipotentialiofiunknownisubsurfacel
conditionsiaffectingutheiconstructionuorulifelofitheuproject.uw

9.1 Mitigation Common to All Alternatives

Mitigationumeasuresicommonutolallialternativesiforitheivariousiconstructionu
impactsiincludediinuiChapteri6iareupresenteduinitheufollowinguparagraphs.uu

Erosion and Sediment Transport

ConstructioniBMPsiappropriateiforitheuprojecti WSDO Tuand/oriCityuofu
Seattle),uisuchuasiconstructionistagingubarrieriberms,ifilterifabricifences,u
temporaryisedimentidetentionubasins,iandiuselofislopeicoveringsitoicontainu
sedimentuionsite,iwillubeleffectivelinuprotectingiwateruresourcesiandireducingu
erosionufromuareasiwithucuts,ifills,uand/oriexcavations.uwErosionicontrolu
measuresisuitableutoitheusiteiconditionsiwillibelincludeduasipartiofitheudesign.u
Temporaryuerosioniandisedimenticontroliplansiwillibeipreparediforiapprovalu
inuaccordanceiwithuBMPsiincludeduinitheicurrentuCityuofiSeattleiStormwater,u
Grading,landiDrainageiControliCodeu(Ordinancei119965)iandiWSDOTI
HighwayuRunoffiManuali(WSDOTu1995) iwhicheverihasimoreistringentu
requirements.uErosionicontrolimeasuresicouldiincludeivegetativeiandu
structuraluicontrols.uu
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Vegetative Controls

Vegetativeimethodsiwilliincludeucoveringuclearediorigradeduareasiandu
excavationioriembankmentislopesiwithijuteloriotherinetting,uasivwelluasy
mulchinguorihydroseedinguasiappropriateitouminimizelerosioniandiencouragel
revegetation.uwVegetationibuffersiwillibeimaintainedibetweeniconstructionu
areaslandidrainageuareasitoufilterioutisediments.uSinceimostiofithelareasialongu
thelalignmentiareideveloped,ivegetativeicontrolsimayunotibelapplicableiexceptu
onutheuslopesibelowithelexistinguviaductisouthuofitheulBST.u

Structural Controls

Structuralicontrolsiconsistiofiartificialumeansiofupreventingusedimentifromi
leavingutheuconstructioniarea.wParkingiandistaginguareasiforivehiclesiandu
equipmenticouldubeicoverediwithiaugraveliworkipadiwherelappropriateutou
preventitheudisturbancelanduierosionuofithewunderlyingusoil.uSiltifencesiwillubeu
placediaroundudisturbeduiareasitoufilterisedimentifromuiunconcentratedisurfacer
waterirunoff.uTriangularusiltidikesiwillubeuplaceduinupathsioficoncentratedu
runoffitoufilterisediment.wTemporaryuditches,iberms,iandisedimentationu
pondsi(dependinguonuturbidity,upossiblyiwithifiltration)iwillibeiconstructedutou
collecturunoffisoithatientrainedisedimenticouldusettleloutiofitheuwaterupriorutou
beingureleaseduintoidrainages,istreams,ioriwetlands.uCleaningutiresiandutracksi
onuheavylequipmentibeforeitheyuleaveitheusiteiwillialsolassistiinuretainingu
sedimentionusite.wlniaddition,itruckiloadsishouldibeicovereditoimitigateu
sedimentidepositiontouroadways.l

Stormwater Treatment

Proposedimitigationimeasuresiwouldicomplywithistormwateridesigniandu
treatmentuproceduresibaseduionutheicurrentiversioniofithesWWSDOTuHighwayu
RunoffiManualu(WSDOTu1995).uSuchuproceduresifollowitheiNationaliPollutanty
DischargelEliminationiSystemi(NPDES)iguidelinesiadministeredubyutheu
DepartmentiofiEcology.uTheiWSDOTuguidelinesirequirelapprovaliofiau
StormwateriSitelPlaniandiaiTemporaryiErosioniSedimentiControly( TESC)uPlanu
priorutoiconstruction.wTheustormwateridesignishouldualsousatisfyutheuCityuofu
Seattle’siStormwater,iGrading,landiDrainageuiControliCodeu(Ordinanceu
119965).uThelerosioniandisedimenticontrolimeasuresishouldibetiniplaceibeforel
anyiclearing,ugrading,ioriconstruction.uu

Stockpiles and Spoils Disposal

ConstructioniBMPsidiscusseduinitheupreviousisectioniwillimitigateisomeuofithel
constructioniimpactsirelateditouspoilsidisposal.wAdditionalimitigationu
measuresiareipresentediiniAppendixuU,iHazardousiMaterialsiDisciplineu
Report.uw
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Ifiexcavatedusoilsiareitoubeiuseduasifilliinuotheriareasiofitheuproject,itheyishouldu
beinoncontaminated,unoticontainudebrisioriorganics,landinotibestooiwet.u
Spoilsithatiareutoibeiuseduiasilandscapingufilliorustructuralufillimayubeustoreduiny
stockpilesiatistaginguareasilocatedialongutheuprojecticorridor.uStockpilesu
shouldinotibeuplacedudirectlyioveruutilitiesioripavementsithatishouldunotibeu
damaged.wAlternatively,istockpiletheightsicouldibeulimitedusoithatiexcessivel
settlementioridamageuofiunderlyinguutilitiesiorupavementsidoesinotioccur.u
Theustockpilesishouldibeucoverediwithuplasticitoimitigatelerosionidueutou
surfaceiwateriandurain.u

Existing Pavements, Tracks, and Utilities
Constructionutrafficumayucauseusettlement,upotholes,icracks,landiotheridamageu
tolexistinguroadways.uwConstructionutrafficishouldibeuroutediontouroadwaysi
thatiareucapablelofihandlingiheavyuloading.ulniareasivwhereiconstructionu
trafficicannotubeurerouted iexistingiroadwaysiwillieitherihaveutoubelimprovedu
prioritouconstructionuorurepairedifollowinguconstruction.wAlternatively,u
smalleriandulightericonstructioniequipmenticouldibeiusediinisomelareas.u
SinceutheuprojectuisulocateduinuurbanuSeattle uituisulikelyithatimanyuroadsiarel
alreadyudesigneditolaccommodateutruckiloading.uToureduceidustiduringu
hauling,itheuloadsishouldibeicoverediduringitransport.u

Foruutilitiesithatuwillubeulocateduwithiniconstructionuareas,irelocationicouldubeu
considered.ulfirelocationiwereinotifeasible,umonitoringuofithewutilitiesiduringu
constructioniwouldibeurequired.uThisicouldibeidoneibyuperformingisurveyu
monitoringuatitheigroundusurface.uwForimoreucriticaliutilities,upotholinguoru
trenchingumayubeurequireditoidaylightiauportionuofithewutilityusouthatu
monitoringlequipmenticanibeiplacedionithewutilityupipes.uwMonitoringucouldu
consistiofisurveyinguforigroundimovementiissuesiorivibrationumonitoringuforu
vibrationuissues.u

Fill Embankments

Forufilllembankmentsioverusoftisoils,itheishortitermustabilityuisiusuallyutheu
mosticritical.uTheushortrtermuconstructionustabilityuofitheiproposedifilly
embankmentsicouldibelimprovedibyuusingistagediconstruction,igroundu
improvement,land/origeotextiles.uTheseimethodsiwouldiimproveutheishortr
termustabilityuofitheufilliembankmentsiasitheiunderlyingucohesiveusoilu
consolidatesiandigainsistrengthuoveritime.uThewuselofulightweightifillicouldu
alsoubeiconsidered.u

Staged Construction
Stageduconstructionuconsistsiofibuildingutheufilliembankmentiinistages,u

dependinguonitheilamountiofiloaditheusubsurfaceusoilicaniaccommodatelatuitsy
existingustrength.wAsitheusoilistrengthuincreasesioveritimeudueutou
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consolidation,iadditionalifillicouldibeiplacedionitheustrengthenedisubgradeu
whileumaintaininguaisimilarifactoriofisafetyiagainstifailure.uMonitoringuofitheu
settlementianduporeupressurelbuildupiandudissipationicouldibeuperformedu
usinguinstrumentationitoidetermineuthelappropriateistaging.u

Geotextiles

Geotextilesicouldubewuseditoureinforceupotentialifailureizonesiwithinutheufill.u
Foriexample,iseveralulayersiofigeotextileicouldibeiplacediatitheibaselofitheu
proposedifilllembankment.wAuhigherifillliembankmenticouldubeiconstructedu
onutheureinforcedibaseithanuaufilliembankmentiwithoutigeotextiles.wAlthoughu
stagediconstructionumayustillibeinecessaryutouwconstructitheuentireufillu
embankment,iusingugeotextileureinforcementsicouldireduceitheitnumberuofi
stagesirequired.u

Lightweightifilimaterialicouldibeiuseditoiconstructitheufilliembankmentuinu
areasiwhereustagediconstructionuisinotifeasible.mwBecauselofitheulighteriweightu
ofitheufillimaterial utheisubgradeusoilicouldisupportiathigherufilllembankmentu
thanuifistandardufilliwerewused.uLightweightifillimaterialsithaticouldubeu
considerediincludelExpandeduPolystyroli(EPS),ifoamedicement,iandiothery
lightweightuimaterialsithatiwouldubeustableloveritheulifeiofitheuproject.u

Excavations and Dewatering

Excavationsiwillibelaccomplishediforiconstructioniofifoundationielements, i
boatisections,landicutiandicoveritunnels.wConventionaliequipment,iincludingu
excavatorsiandibackhoes,iwillulikelyubewuseditouperformuithesexcavation.uwlny
areasiwherewveryidenseisoilsiarelencountered,isomelrippingumayibeirequired.u
Properuishoringuorislopinguofithelexcavationishouldibeuperformedutoumitigateu
potentialisloughinguofisoilsiandulateralimovementioruisettlementiofinearbyu
existinguroadways,irailways,istructures,ianduutilities.wTheushoringusystemi
shouldiconsideritheuloadsiappliedidueitoiconstructioniequipmentiworkingu
behinditheutopuofithelexcavationiandianyuotherisurchargeuloads.uStockpilesi
shouldubeuplacediauminimumuofitwiceuthelexcavationude pthiawayufromuthestopu
ofitheuexcavation.u

Inlareasiwherelexcavationsimayuextendibelowitheigroundwateritable,ierosionu
anduinstabilityuofiexcavationusidesimayuresult.wTheucontractorishoulduicontrolu
thelentryiofiwateriintolexcavations.uwbDewateringuofisoilsiwithiniandubelowu
excavationsimayibeuperformeduitoicontroliinflow,iremoveiwaterifromu
excavations,landireduceshydrauliciforcesithaticouldudestabilizeliexcavations.u
Thisicouldibeidonelbyiusingisumpstoriwellipointsiinismalliexcavationsiandu
dewateringuiwellsiinideepiexcavations.uTheidewateringusystemishouldubel
designeduisouthatitheigroundwaterioutsideithelexcavationuisinotichangeduinu
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areasiwhereladjacentistructuresimayubelaffected.uwMitigationumeasuresiwillu
includeuthewuselofigroundwaterirechargewvells,idewateringuinismallisections,u
orwuselofibarriersi(e.g. usheetupiles,idiaphragmuwalls)uitouisolateutheu
groundwateritablemwithinuthelexcavation.u

Cuts into Slopes

Inugeneral,inoumajoricutsiintouexistinguslopesiareiproposed.uHowever,isomel
cutsimayubeurequireditoiobtainuaccess,iespeciallyuiforiinstallationuofu
foundationsuoriaccessiroadsionutheshillsideibeneathuthelexistinguviaducty
betweeniPikeuStreetiandiBelliStreet.uMVhereiconstructionurequiresicutsuintou
existinguslopes,isoilsiexposeduinutheuslopelexcavationsiduringiconstructionu
mayubeususceptibleitolerosion.wVegetativeicontrolsicouldubeiconsidered.u
Alternatively,itemporaryuretaininguwallsicouldibeiconstructeditoumaintainu
slopelustability.u

Temporary and Permanent Retaining Walls

Permanentianditemporaryuretainingustructuresiwillibeurequirediforu
excavations,icutslintouslopes,ifoundationupreparation,iboatisections,iandicutz
andicoveritunnels.wPropericonstructionuproceduresishouldibewusedutosinstally
thewwalls.uw

Numerousiretaininguwallitypesicouldibeuselecteditouretainusoilsiaroundu
permanentianditemporaryuexcavations.uwSomeuretaininguwallitypesiincludeu
sheetupilemwalls,isoldieripilelandilagginguwalls,isoilinailiwalls,iandigravityu
walls.uwDiaphragmuwallsiwillibeiusediforitheicutiandicoveritunnels.uForualliofu
theseuwallitypes,ipropericonstructionuproceduresiwillumitigateupotentialy
settlementiandigroundimovementiadjacentitoutheiwall.uTheudepthsiofitheu
wallsishouldiextendudeepienoughuintousuitableibearingusoilitouresistitheu
pressuresithatiwillibelexertedionutheiwall.wConstructioniequipmentiworkingu
atitheutopuofitheiwallishouldibeulimitediunlessithemwvallihasibeenidesignedutou
accommodateitheseupressures. .

Inlareasiwhereladditionalisupportiisineedediforiaiwalliandutheuwalluheightu
cannotubeireduced,ithewuselofibracingusystemsisuchuastinternalibracing,\
tiebacks,land/orusoilinailsicouldubeiconsidered.uPriorutolinstallationuofitiebacksu
orisoilunails,uaicarefulisurveyuofiadjacentuutilitiesiandifoundationsishouldubeu
performed.ulfuutilitiesiorifoundationsiareipresent,itiebackiorinailu
configurationsicanubelaltereduoruinternalibracinguoriaicantileveriwallisystemu
useduinuthatiarea.wAdditionalimitigationimeasuresiwilliincludeiminimizingu
unsupportediwalliheights,uicontrollingigroundulosses,ianditimelyuinstallationu
ofisuitableubracing,itiebacks,iorusoilinails.u

Gravityuretaininguwallsicouldibeuconstructeditouretainupermanentislopesibyu
excavatingimaterialibeyonduitheulimitsiofitheufinalistructure,iconstructingitheu
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wall iandibackfillingubehinduit.wAitemporaryugravityuwalliwillibeiconstructedu
touretainusoiliaboveuthelimprovedigroundiareaibehindutheiseawalliduringu
construction.uThisiwallicouldiextendibelowitheigroundwateritable.uwProperu
constructionuitechniquesishouldubeifolloweditolensureithatitheuwwalliperformsi
satisfactorily.u

Foundations

Foundationsithatiareibeinguconsiderediforithisiprojectuincludeishallowispreadu
footings,iCIPuconcreteupiles,udrilledushafts,uandumicropiles.uSoldierupilesuory
sheetupilesimayualsoubelusediforishoringusystems.uwShallowifoundationsiwillubeu
useduinuareasiwhereudenselsoilsiareulocateducloseutoitheigroundusurfaceloru
whereubuildinguloadsiareurelativelyulight.u

Driven Piles

DrivenupilesiconsistingiofiClPuconcreteupilesiorisheetupilesiwillibeiuseduforitheu
supportiofiaerialistructuresioriexcavationsiincludeduinitheualternatives.uPrel
constructionisurveysiofiexistingustructuresianduvibrationumonitoringuduringu
pileidrivingimayubeurequireditoimonitoriandimitigateupotentialidamageutou
adjacentusensitiveustructures.wlniareasiwherewvibrationicannotibeutolerated,u
considerationuishouldubeigivenutouthewusetofidrilledishafts.u

Drilled Shafts

Drilledushaftsiwillubeiusedutoisupportitheiproposeduaerialistructuresiincludedu
inithelalternatives.uSecantupilesi(drilledishaftsiinstallediatianioverlappingu
spacing)imayualsoubeuiusediinisomelalternativesiforitheiseawall.uToumitigateu
potentialicavinguofitheusoiliinithelexcavateduholes,islurryuoricasinguwillibeu
useduinuthewupperulooselorisoftisoilsioriiniareasiwhereisandyusoilsiareupresent.u
Casingucanubelinstalledubyutwisting,idriving,lorivibratingitheucasinguintoutheu
ground.wVibrationioridrivingimethodsishouldinotibeluseduiniareasithatiarel
closeutoladjacentustructures.ulniareasiwhereitheushaftsiareulocateduinuoruineari
thelexistingiwaterways,itemporaryicasingushouldibeiuseditoipreventi
migrationuofitheuconcretelintoithewwvaterwayuthroughiopenusoililayers.uTheuusel
ofislurryucouldialsoubeiuseditoimitigateupotentialiheavelandierosionithaticouldu
beicausedibyuwaterupressuresiinisandusoils.uDrilledishaftsihavelaulimitedu
depthutowwhichutheyuareufeasible.wlniareasiwhereifoundationsiareurequireduitou
extendideeperithaniaboutil20ufeet,iconsiderationishouldibelgivenutouusingu
alternativeifoundationuisupportimethodsi(suchuasiClPupiles)ioriadjustingutheu
drilledishafticonfigurationisouthatiloadsicanibelaccommodateduiwithinithey1201
footuishaftulength.u
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Shallow Footings
Shallowifootingsiwillialsoibetuseduinisometareas.ulfisoftisubgradelsoilsiarel
exposeduinifootinguexcavations,imitigationimeasuresithaticouldibeiconsideredu
includeloverexcavationianduireplacementiwithuicompactedustructuralufill,u
increasingutheufootingusize,uperformingugroundiimprovement,ioriusingudeepi
foundations.uu

Ground Improvement

Groundiimprovementiwillibeiperformediiniandiaroundifoundationielementsi
andibeneathufilllembankmentsiinisomelareasiofieachualternative.wGroundu
improvementiwillialsoibeuperformeduiforithewrebuiltiseawalliincludeduinuimostu
alternatives.uDependinguonutheulocationianduigoal igroundiimprovementicouldu
consistiofiaicombinationiofideepusoilimixing,ijetigrouting,landuvibror
replacementi(stoneicolumns).uTheugroundiimprovementishouldibeiperformedu
byucontractorsiwithiexperiencelinitheuselectedigroundiimprovement
technique.wDuringuanyutypelofigroundiimprovementiinstallation,umonitoringu
ofiadjacentuutilitiesioristructuresishouldibeiperformed.wlnigeneral,ijetigroutingu
andudeepusoilumixingudounoticauseuvibrations.u

Jet Grouting
Theujetigroutinguprocessishouldibeiproperlyicontrolledibyitheicontractorusou
thatigapstinithelimprovediareaidounotioccuriwhenusoilsiofilowierodibilityuiareu
encountered.ulniaddition,ishadowingucouldioccuriwhenuobstructionsisuchuasi
pilesioridebrisiareiencountered,iresultinguinugapsiinithelimprovedizone.uTheu
spacinguofijetigrouticolumnsimayuhaveitoubeidecreasediiniareasiwhereithesel
soilsioriobstructionsiarelencountered.uTheljetigroutinguspacingushouldubeu
closelenoughusouthatiobstructionsiarelencapsulateduinuthetjetuigrout.wThejetu
groutingupressureinearutheisurfaceishouldibeucarefullyicontrolledibyutheu
contractorusouasinotitolapplyuexcessivelpressureioniadjacentiutilitiesioru
structures.uletigroutinguspacinguandupressureimayihaveutoibeidecreasedinearu
criticaluutilitiesiorustructures.uSpoilsishouldibeuproperlyicontainedibyu
constructingubermsioriotherubarriersiarounditheiconstructionuarea. i

Taumitigateuleakagelofigroutithroughutheufaceuofithewexistinguiseawall uallu
knownudefectsianduutilityupenetrationsishouldibeisealedupriorutoujetigroutingu
operations.ulniaddition,itheigroutinguinjectionujetsishouldibeudirectediawayu
fromitheubackufaceuofitheiseawallitouminimizeioutwardupressuresithaticouldu
resultiinumovementiofitheiseawall.uSilticurtainsiorisheetipilesishouldibeiusedu
toufurtherimitigateidepositioniofigroutiandisedimentiintouElliottuBay.u
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Deep Soil Mixing
Duringudeepusoilimixinguoperations,icareishouldibeitakenitolavoidirapidu
advanceloriwithdrawaliofitheuideepusoilimixingiaugersiandiinadequateicontroly
ofigroutipumpingurates.uDeepisoilimixingishouldinotibeiperformedu
immediatelyiadjacentitouexistinguutilitiesiorustructuresibecauseitemporaryu
looseninguofitheusoilicouldicauseusettlement.uSpoilsishouldibeuproperlyu
containedibyuconstructinguibermsioriotheribarriersiarounditheiconstructionu
area.wPropericontainmentiwillimitigateumigrationuofispoilumaterialiontou
adjacentustreetsioruproperties.ulfiobstructionsiareilencountered,jetigroutingu
coulduibelconsidereditolextendithelimprovementitolaideeperidepthuoriailargeru
planiarea.l

Vibro-Replacement

Vibrorreplacementi(stoneicolumns)umayubeuperformediiniareasiwherel
adequateloverheadiroomiandiequipmentiroomuisiavailable.wSinceivibrationsi
areugenerateduiusinguthisimethod,ladjacentiutilitiesiandustructuresishouldubeu
carefullyumonitored.ulnuareasiwhereuvibrationimayucauselexcessiveusettlement,u
anualternativeimethoduofigroundiimprovementishouldibeiconsidered.uw
Alternatively,ivibrationiandisettlementumonitoringucouldibeuperformedutou
confirmithatitolerancesiareinotibeinguexceeded.uu

Removal of Existing Structures

TheuBuilduAlternativesiincludeiremovaliofiexistingustructuresithatimayuhaveu
variousitypesiofifoundationielements.ulfideepifoundationsiareitoibeiremoved, i
vibrationutechniquesishouldionlyibeuuseduiniareasiwhereladjacentistructuresi
oruutilitiesiareinotupresent.uNonivibratoryutechniquesishouldibeiuseduiniareasy
whereladjacentiutilitiesiorustructuresicannotuitoleratewvibrationuorisettlement.uw
Alternatively,wvibrationumonitoringicouldibeuperformeduitoiwconfirmuthatu
tolerancesiareinotibeinguexceeded.uwExcavationsirequireditoiremovel
foundationielementsiwillihaveisimilariimpactsiasithoseidiscussedupreviouslyi
foriexcavations.uu

Construction Vibrations

Severaliofitheyproposediconstructionimethodsicouldicauseuvibration,u
includingupileldriving,istoneicolumnuinstallation,iandiothericonstructionu
activitiesi(seetAppendixiF,uNoisetandiVibrationuDisciplineiReport).uTheseu
vibrationsicouldicauseigrounduisettlementiandidamageutouutilitiesiandu
structures.uThelactualwvibrationiandusettlementulevelsithatioccuruasiauresultuofu
constructionidependionuimanyufactors,lincludingusubsurfaceiconditionsiandu
constructionimethodsianduqualityuofitheiwork.wAllowablewvibrationulevelsiwilly
belestablisheduforucriticalistructuresianduutilitiesiinuthewvicinityiofitheu
constructionuactivities.uPreiconstructionusurveysiwillibeiperformedutou
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establishuatbaseline.uDuringiconstruction,imonitoringuofivibrationsicouldubel
performeditoiconfirmuthatiallowableuvibrationulevelsiareinotibeingiexceeded.u

Inlareasiwhereuwvibrationicannotubeutolerated,iconsiderationishouldubeigivenutou
constructionumethodsithatulimituvibration.wForiexample,linsteaduofudrivingu
piles,udrilledishaftsicouldibelinstalled.wOtherimethodsithatimayureduceu
vibrationsiduertoupileidrivinguwilliincludeupreidrillingiand/oricasinguthewupperi
portioniofitheupile,uusinguwvibratoryihammersiwhereuthewvibrationifrequencyu
canubeucontrolled,ioruusingudifferentupilestypesi(e.g.,lopeniendeduvs.iclosed:
endedupipeupiles).u

9.2 Rebuild Alternative

TheuRebuilduAlternativeiwillibeiconstructediaccordingutoutheuprojectuplansi
usinguiBMPsiappropriateiforitheuprojecti(\WSDOTuand/oriCityuofiSeattle).u
Mitigationumeasuresiforiconstructioniimpactsiforuthisialternativelareicommonu
tovallialternativesianduareupresentediatitheibeginninguofithisichapteru(seeu
Sectionu9.1).wMitigationumeasuresiforumicropilesiareulistedibelowibecauseitheyu
areuspecificitouthisialternative.u

Micropiles
MicropilesicouldibeiuseduinuseveraliareasionitheislopeusouthuofitheiBSTutou
retrofitiexistingiviaductifoundations.uMicropilesiareismallidiameteru(lessithanu
12iinches)drillediandigroutedupilesithatiareucentrallyureinforcediwithusteel.u
Propericonstructionitechniquesiwillimitigateupotentialiimpactsurelatedutou
installationuofumicropiles.u

9.3 Aerial Alternative

ThewAerialiAlternativewwillubeiconstructediaccordingutoutheuprojectiplansiusingu
BMPsiappropriateuforitheuprojecti( WSDOTuand/oriCityuofiSeattle).wMitigationu
measuresiforiconstructioniimpactsiforuthisialternativelareicommonutoually
alternativesiandiareipresentediatitheibeginninguofithisichapteru(seeiSectionu
9.1).wAdditionalimitigationumeasuresispecificitoithisialternativelareidiscussedu
inutheufollowinguparagraphs.u

Filling of Broad Street

ThewAerialiAlternativelincludesibackfillingitheidepressediBroaduStreety
roadwayufromiFifthuAvenueiN.itoulEighthuAvenueuiN.wProperufillimaterialsiandu
compactionutechniquesishouldibeiuseditoimitigateupotentialifutureusettlementu
ofioverlyingustructures,uutilities,iandupavements.uFillimaterialsuimayiconsistuofu
soiliexcavatedifromuotheruportionsiofitheuproject,uprovideditheyuiconsistiofu
nonIorganic,igranularisoil.uTheimoistureicontentiofitheumaterialishouldubeu
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withinu2upercentiofiitsioptimumuforicompaction.ulfionisiteusoilsiareiusediasy
structuralifillland uafteryplacement,utheyibecomeiwetiandiunsuitable,itheyu
shouldibeiremovediandireplacediwithinew,isuitableustructuralufill.wlmportedu
structuralifilimayubeluseduifionisiteumaterialsiareiunsuitablelandiadditionalu
filluisurequired.wCompactedionisiteusoilsishouldubeuprotectedifromu
degradation.uProtectioniofitheicompactediareasicanubelaccomplishedibyu
placinguaicleanisandiandigravelicover.u

Alluistructuralufillishouldubeuplacediinuuniformulayersiandicompactedutouatuleastu
95upercentiofithesModifiediProctorimaximumudryudensityubasedioniAmericany
SocietyuforiTestingianduiMaterialsi(ASTM)uDesignationiD11557 uMethoduCuoruDu
(ASTMu2000).winuareasiwhereisettlementsiareunoticritical usuchuasiinulandscapeu
areas,itheisubgradeishouldibeicompacteditouatileasti90upercentiofitheiModifiedu
Proctorumaximumudryudensity.ulfifilliplacementiandicompactionuisiproperlyu
controllediandumonitored,ithelidentifiediimpactsiwillibesmitigated.u

Option: Seawall Frame

TheuSeawalliFramelOptionuincludesitheiconstructionuofiaisecantupileiwallu
immediatelyiadjacentitouthelexistingiseawall.wMitigationiforuisecantupilewvvally
installationuwouldubeusimilarutouthatidiscusseduforudrilleduishaftiinstallationuatu
theuwbeginninguofithisichapteru(seeuSectionu9.1).uu

Theusecantupileiwalliwouldibeiconstructedibehinditheuexistinguseawall.wAusteelu
sheetupilemwalliand/orisilticurtainuwouldulikelyubelinstalleduduringu
constructionutouprotectioveralliwateriquality.uVibrationiduringudrivinguofu
sheetupilesiwillibeumonitoreditoimitigateupotentialidamageutouthelexistingu
seawalliandiadjacenturoadways,uutilities,landustructures.ui

9.4 Tunnel Alternative

TheiTunneliAlternativeiwillibeuconstructediaccordingutoitheuprojectiplans,u
usinguiBMPsiappropriateiforitheuprojecti(VWSDOTuand/oriCityuofiSeattle).w
Mitigationumeasuresiforiconstructioniimpactsiforuthisialternativeuthatiareu
commonutouallialternativesiareupresentediatitheibeginninguofithisichapteru(seeu
Sectionu9.1).uSpecificiimpactsirelateditoideepuexcavationsirequirediforitheucutr
andrcoveritunnelsiandiboatisectionsiareudiscusseduinithesfollowingu
paragraphs.u

Deep Excavations

Asistatediatitheibeginninguofithisichapter uproperishoringutechniquesishouldu
beluseditoumitigateupotentialisettlementiandulateralimovementiofitheugroundu
behindithelexcavation.uDewateringuwillialsoubeirequirediforitheiconstructionu
ofitheucutrandicoveritunnelsiandiboatisections.uDewateringiwillibbeuperformedi
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untiliconstructionuofitheustructuresisicompleted.uDeepudewateringuwellsuory
otheridewateringusystemsishouldiconsideruminimizingutheidravwdownuofitheu
groundwateritableloutsidelofitheiexcavation.uThewuselofirechargeuwellsi
outsidelofithelexcavationiwillialsouprovidelaumitigationumeasureuforipotentialu
groundwateridrawdown.uTheudewateringuwellsishouldubeicarefullyu
constructeditoutheuspecifiedidesignuofitheiwellidepth,ulength,iscreen iandufilteru
pack.wProperimaintenanceuofitheipumpinguwellsishouldibeuperformedutou
ensureuthatitheyuaremworkinguasidesigned.uMonitoringuofitheigroundwateru
tablelandusettlementioutsidelofithelexcavationishouldibeuperformedutouconfirmu
thatitheuidewateringusystemuisiworkinguasidesigned.uTheueffectivenessiofithesel
systemsiwilluigreatlyidependionitheusoiliconditionsiatitheidewateringulocation.

Diaphragmiwallsiwillibeiuseditouisupportitheusidesiofitheucutiandicoveru
tunnel.uDiaphragmuwallsiforitheicuttandicoveritunnelsicouldibeiconstructedu
usinguainumberuofimethods,lincludingudeepusoilimixediwalls,islurryuwalls,u
secantupileiwalls,ianditangentipileiwalls.ulniadditionitoisupportingiexcavationi
sidewalls,uidiaphragmuwallsiarelimpermeableu(preventitheupassagelofiwater),u
thusireducingugroundwateriinflowintolexcavations.uPropericonstructionu
proceduresishouldibeifolloweditoimitigateipotentialisettlementiandulateraly
movementiofitheuigrounduisurfaceibehindithemvalls.u

ConstructionuofitheicutrandicoveritunnelifromiS.iWashingtonuStreetutou
VirginiauStreetiwillibeinearithelexistingiseawall.uBetweenuS.iMainuStreetiandu
Yeslerniway itheiwestidiaphragmuwalliforitheicutiandicoveritunneliwilliextendu
beyondithelexistingiseawalliintolElliottuBay.wForuthisicase,isteelisheetupilesiwilly
likelyubeudrivenuinitheiwateriandufilliplacedibetweenutheusheetupilesianditheu
seawallitoiallowiforiconstructionuofitheidiaphragmuwall.uSilticurtainsiwilly
likelyubetinstalleduduringiconstructionutouprotectioveralliwateriquality.uw

Filling of Broad Street

Mitigationumeasuresiforiconstructioniimpactsiwillibeisimilaritoithoseu
discussediforithetAerialiAlternativei(seeiSectioni9.3).u

9.5 Bypass Tunnel Alternative

TheuBypassiTunneliAlternativeuwillibeiconstructediaccordingutoutheuprojecty
plans,iusingiBMPsiappropriateiforitheuprojecti WSDO Tuand/oniCityuofiSeattle).uw
Mitigationumeasuresiforiconstructioniimpactsiforuthisialternativeuthatiareu
commonutouallialternativesiareupresentediatitheibeginninguofithisichapter.uw
Mitigationumeasuresiforideepuexcavationsirequireduforitheicutiandicoveru
tunnelsiandiboatusectionsiarelsimilaritoithoseidiscusseduforitheiTunnelu
Alternativeu(seeiSectioni9.4).wMitigationumeasuresiforiimpactsispecificitouthisi
alternativelareudiscussediinutheifollowinguparagraphs.iu
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Water Treatment Facility

AulpermanentiwateritreatmentufacilityuwillibeulocatedudirectlyunorthuofiS.uiRoyalu
BroughamiWayualonguFirstiAvenueuS.uT hisifacilityiwillurequiresaslargeu
excavationuforiail,000rfootrlong,i681footideepuundergroundiholdingutanki
locatedialonguFirstiAvenuelS.inorthiofiS.iIRoyaliBroughamiwWay.uDewateringu
mayualsoubeuperformeduiforitheiconstructioniofithemwateritreatmentufacility.u
Mitigationumeasuresiwillibeisimilaritoithoseudescribediinutheibeginninguofithisu
chapteruforiexcavations.uDewateringumitigationumeasuresiwillubeisimilarutou
thoseudiscussediforithesTunneliAlternativeu(seeuSectionu9.4).uw

Theuproposedipermanentiwateritreatmentufacilityuwillirequirelaideepuretainingu
wallitouisupportitheusidesiofitheliexcavation.uRetaininguwallity pesithatimayubel
useduincludeusoldieripilelandulagginguwalls,isoilunailiwalls,uicantileveruCIPu
concreteuiwalls,udiaphragmuwalls,iandigravityuwalls.uTiebacksuorisoilinailsimayu
bewuseditouprovideisupport.uMitigationumeasuresirelateditoitheseiwalllitypesu
areudiscusseduinuitheitbeginninguofithisichapteru(seeuSectionu9.1).uuw

Upliftupressuresiactingionitheubaselofitheiwateritreatmentifacilityicoulduber
resistedubyuusingifoundationuelementsisuchuasidrilleduorudrivenupilesiand/oru
thelexterioridiaphragmuwalls.uMitigationumeasuresirelateditouconstructionuofi
theseifoundationsiwillibeisimilaritoithoseupresentediatithelbeginninguofuthisy
chapter.uu

Filling of Broad Street

Mitigationumeasuresiforiconstructioniimpactsiwillibeisimilaritoithoseu
discussediforithetAerialiAlternativei(seeiSectioni9.3).u

9.6 Surface Alternative

TheuwSurfacetAlternativeiwillibeiconstructediaccordingutoutheuprojectuplans,u
usinguiBMPsiappropriateiforitheiprojectu(WSDOTuiand/oriCityuofiSeattle).u
Mitigationumeasuresiforiconstructioniimpactsiforithisialternativeithatiareu
commonutouallialternativesiareupresentediatitheibeginninguofithisichapter.uw
Mitigationumeasuresiforiimpactsispecificitouthisialternativeuareidiscusseduiny
theufollowinguparagraphs.u

Water Treatment Facility

Mitigationumeasuresiforiconstructioniimpactsiwillibeisimilaritorthoseu
discussediforitheiBypassiTunneliAlternativeu(seeiSectionu9.5).u

Filling of Broad Street

Mitigationumeasuresiforiconstructioniimpactsiwillibeisimilaritoithoseu
discussediforitheiAerialiAlternativeu(seeuSectionu9.3).u
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